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UNITED nations TECHNICAL ASSISTANCE 
MISSION TO YUGOSLAVIA 


Belgrade, 

May 26th, 1955 


Dear Dr. Hanj 

Ifi accordance with your request I have studied the problem 
of the Export of Electric Energy from Yugoslavia. This study * loluded visits 
and pcisonal inspections of the i)ower plants and power plant sites invol- 
ved. The reoults of my studies are summarized in the Recommendations and Re- 
port 5 "EXPORT Of E1.EGTR1C ENERGY AS AN IMPORTANT FACTOR IN THE INDUSTRIALI- 
ZATION AND ECONOMIC DEVELOPMENT OF YUGOSLAVIA", The study convinced me of the " 
Importance ci the Export of Energy, the feasibility of the export scheme and 
the po.Tf’ibii ! ty to start the export within so short a time as two years. 

The recommended export scheme ia an undertaking of considera- 
ble probably one of the largest single new undertakings in Yugo- 

slavia, The time at my disposal was exceedingly limited; it was, therefore, 
impoBbi h.l f for me 'to go into details of the export scheme to an extent that a 
project 01 such importance would require. My report gives only the general 
outline uni the methods which should be used in handling the problem. 

As 1 have already pointed out on many occasions, the successful, 
speedy end economic realization of such a project will require a very conside- 
rable amount- of v/ork to clarify the numerous problems, and to avoid mistakes 
which may b«-) ^exceedingly costly. 

In that connection I -should like to stress once more’ that pro- 
jeotb of tiiat kind cannot be handled in a disjointed manner by a number of orga- 
nizatjons acting practically independently and without centralized guidance. 

The most important problem of today is to create a centrall zed energy export 
agency and to staff it properly so as to obtain an organization of a superior 
kind to v/hich the handling of a problem of such magnitude and importance could 
be entrusted^ 

I wish to take this opportunity to tell you how much I appreciate 
the assistance which I got from you personally, from the oembere of your organi- 
zation and from the numerous persons who assisted me in ray field work and In the 
office, y/ithout such help it would have been Impoeelble to make the Reoommenda- 
tiono and the Report that I am' attaching hereto. 

I am authorized to leave the Recommendations and the Report with 
you with the dictinct understanding that they are of -preliminary nature only and 
may be cnrj.gidorod as final if and when aproved by the Technical Assistance Admi- 
nistration of the United Nations. These Recommendations and the Report are being 

tranalatoi* into Serbian. 


With kind regards 


Sincerely yours 


A. V. Karpov, 

Dr.StJcpan Han Consulting Engineer 

Direktor 

Instituta :‘,.i TchniSko-Kkonoiiska 
I strazi vnu.ia - Beo^C7’Hd 
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SlfiEJ 


BIECTRIC ENERGY EXPORT SYSTEM OF YUGOSLAVIA 


recommendations 


The importance of exports of electric energy for the economic development 
f Yugoslavia and the need to start them at the earliest possible opportunity should 
e recognised. ' 

The four rivers; Cetina, Neretva, TreblSnJioa and Zeta, and the BohinJ lake 
hould be designated as sources of energy to be reserved exclusively for export pur- 
oses as outlined in the report "Export of Electric Energy as an Important Factor in 
he Industrialisation and Economic Development of Yugoslavia". 


The Electric Energy Export System of Yugoslavia "Sietem za izvoz elektridne 
nergije iz Jugoolavije" (3IEEJ) should be organised^at the earliest possible date, 
he appointment of the Chairman, Chief Engineer and of the necessary staff should fol- 
ow without delay. The general outlines of the system recommended in the report as it 
hould be developed by the year 1955 and up to and including the year 1961, are shown 
n the attached maps Fig. 1 and 2 - "Recommended System Development 1955" and "Recom- 
«nded System Development 1961". The years of initial delivery of each pro,)ect and 

he amount of energy that could be generated for export during each of the years 1955- 
956 inclusive are given in the attached Table 1. 


Yugoslavia should take the initiative in the matter and submit definite pro-' 
.sals as to the amount of energy to be delivered annually during the next few years. 
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he projects, specifications, and operation schedules of the system should he im- 
ediately worked out by the ISEBJ and submitted for discussion to the international 
omminsions. 


A foreign currency loan agreement should be negotiated so that the first 
installment of the loan could be made available by the middle of 1953. In this 
cavse the exports of energy could be started at an annual rate of about 1,000 Million 
KWh as early as in winter 1955-56 reaching the maximum level of about 10,000 million RVh in 
the course of the year 1961-62. The above level is to be maintained in the sub- 
sequent years. These amounts of energy correspond to a year of average water flow. 


The loan agreement should preferably provide for a long term foreign ca- 
tal loan to be made available in annual installments in the course of the next 
seven years. The proceeds of the loan will be augmented by investing a large part 
of the system^s profits as shown in the two financial schemes, Variants "A" and "B", 
in the attached Table II. Such a financing arrangement would make it possible to 
start the work on the whole system at once, 

Tf a foreign curren.cy loan could be arranged on the basis indicated in 
Variant "A” and if Yugoslavia is able to provide the local funds, an Energy Export 
. tern that would cost 


315 Million Dollars plus 


219 000 Million Dinars 


could be built in Yugoslavia by investing the sum of ^ 


219 000 Million Dinars 

during tlie years 1953-1961 and by paying in annual installments out of the in 
the system a total sum of 


come of 


296 Million Dollars 


during the years 1958-1983, 


If Variant ”B” is accepted the same Energy Export System will require the 


investment of 


167 000 Million Dinars 


during the years 1953-1959 and the repayment from the income of the system of a total 
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sum of 
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384 Million Dollars 


In annual 1 nstaliraents daring the years 1959-1984. 


If a straight loan could not be arranged, a combined foreign capital 
and machinery and equipment loan should be concluded- 

The should prepare a list of equipment and materials that will 

be necessarv for the construction of the system. The list should be divided into 
two parts: 

1- Equipment and materials to be supplied from abroad; 

. Equipment and materials to be obtained in Yugoslavia. 

The loan should be so negotiated as to arrange for tho supply of all 
or part n : equipment and materials to be listed under 1. ~ 


An energy delivery contract should be worked out in connection with 
^^he oan agreement on the basis of proposals made by Yugoslavia. An agreement 
should be signed with Italy, Germany and Austria specifying the selling prices 
gu.^r.inteed and non-g lai^mteed winter and summer energy that Yugoslavia would 
undertake tc deliver within regular intervale in the course of the next few 
years. Th«? price of energy should be higher during the construction period and 
there should be a considerable diffei’ence in price between the energy delivered 
during the winter and bummer periods. 


The agreed upon price of winter and summer energy should be of such an 
order that a profit large enough to make the proposition attractive for Yugosla- 
viy, .jouid be obtained on it during the operation period. Table III gives the 
ap^iroxima te cost and values of energy exported during a low water year. This 
-able leriects the advisability of obtaining a higher price for the energy during 
the conai-ruction period so that the earnings in foreign currency could be immediate- 
ly relnvcFted. During the high reinvestment years 1955-1959 it would be 
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reasonabla to reduce the profit margin* A major part or even the whole of the 
income obtained in these years as a result of the higher 'energy price should be 
reinvested in the system. 


The loan and the energy selling agreements should be reached by nego- 
tiations only. The amount of local currency that could be invested and rein- 
vested must be fixed by the Yugoslav financial experts. It is, therefore, im- 
pos^n bi' ‘ make very definite recommendations on these matters. The general 
outlines given in these Redommendations and di scusscd in more detai^l in the Re- 
port, if incorporated in the agreements, wiil effectively protect the interests 
of Yugoslavia. How far that can be accomplished and hov; muoh can be incorpo- 
rated in the agreements that will finally be reached, depends on the skill of 
the yugjslav representatives conducting international negotiations and on the 
quality and extent of Information that the ISEEJ will put at their disposal. 




attachments 


•• ■“f'- r ‘ H r.iirt’fsm*: 


Table I Initial Years of Delivery and Approximate Total 

Yearly Export Generation 

Table II Financial Arrangements Variant. .''A” and “B” 

Table III Approximate Cost per KWh and Total Value of Ex- 
portable Energy 


Figure 1 Recommended System Development 1955 




11 ^ 


Figure 2 Recommended System Development 1961 
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BUSCTRIC SNBRGY EXPORT 8YSTB1 OF YUGOSLAVIA 
initial Yeara of Delivery and Approxiaata Total Yearly Export Generation. 


Year of 

initial Project 

delivery 


Average yearly 
export generation 
per project 
1000 Million KFh 


Total yearly 
export generation 

inno Million 


1, 1933 Jablanioa 

2, 1935 Slovenia System 




5. 1956 

Zeta witlio’it storage 
dapaoity 

0.60 

1.70 

1957 

Ulog 

Oe55 


5. 1957 

Zeta with First Step 
of Storage 

1.10 

2,35 

6. 1958 

Glavatidevo 

0.40 


7. 1958 

Zeta Second Step of 

Storage capacity 

0.40 

3.15 

8. 1959 

9. 1959 

Bana 

Oetina River First Step 

0.70 

2.00 

5.35 

10. I960 

TrebiSnJioa 

2.35 

8.20 

lie 1961 

Remainder of Beretva 

River plants 

1.90 

10.10 
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Table II 


ELECTRIC ENERGY EXPORT SYSTEM OP YUGOSLAVIA 


Financial Arrangements Variants "A" and "B* 


oreiYiii CurrencA 


Mill 

Loan 

Variant Variant 
A B 


on D 

Reinvestment 
Variant Variant 
A B 


liars 
Total Cost of cora- 

Variantfi pleted portion 
A & B of ay atem 


53 

6 

54 

6 


DO 

50 

25 

16.50 

8.25 

60.0 

60.5 

47.5 

45 

25.60 

12.75 

37.2 

90 

35.20 

17.60 

35.5 

45 

29.00 

23.60 

29.0 


24.50 

24.50 

24.5 


40, 

,06 

63. 

,65 

86, 

.15 

99. 

.75 

177, 

.90 

251, 

.90 

314. 

.70 


?otal 

. 163.40 

207.50 

151.20 

107.20 

314.70 

; 

financial 

iharges 

132,72 

176.90 




" ■ - ; "T 

1 

■! 

’otal 

296.12 

384.40 



} 

<■ :i ■ 

r T‘ e n o j 






: 









Millio n Din ars 

Loan Reinvestment Total Cost of com- 

Variant Variant Variant Variant Variants pleted portion 

A B A B AABof system 


59 000 
45 000 
33 500 
26 500 
26 000 
21 500 
17 500 
7 500 
3 500 
219 000 


39 000 
43 000 
30 200 
21 400 
19 000 
12 000 
2 500 


167 100 



39 000 




43 000 




33 500 

29 000 


5 100 

26 500 

48 000 


7 000 

26 000 

64 000 


9 500 

21 000 

74 000 


16 000 

18 500 

128,’,000 


7 500 

7 500 

l8l 000 


3 500 

3 500 

219 000 


51 900 

219 000 
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Table 111. 


ELECTRIC ENERGY EXPORT SYSTEM OP YUGOSLAVIA 

Approximate Cost per KWh and Total Value of Exportable Energy 

low Water Year 


Ex])or 1 

1000 

MllUon 

KWh 

Cost of 
Energy 
Mils 
per KWh 

Variant "A” 

Value of 

Energy 

Million 

Dollars 

Variant 
Cost of 
Energy 

Mils 
per KWh 

• B" 

Value of 
Energy 
Million 
Dollars 

Variants 

Cost of 
Energy 
Dinars 
per KWh 

"A" & "B" 
Value of 
Energy 
Million 
Dinars 



Conatruotion 

Period 




0,83 

21.23 

18 

11.23 

9 

1.05 

1 000 

1,28 

21.29 

26 

11.29 

24 

1.05 

1 500 

1.77 

21.26 

37 

11.26 

20 

1.13 

2 000 

2.36 

16.60 

39 

11.10 

26 

0.99 

2 300 

4.02 

12.04 

48 

11.39 

46 

0.98 

4 000 

6.15 

6,77 

41 

7.34 

45 

0.91 

6 000 

7.57 

4.30 

33 

5.39 

41 

2.25 

17 000 




Operation 

Period ' 




7.57 

4.27 

32 

4.43 

34 

3.15 

24 000 

7.57 

3.90 

30 

4.06 

31 

2.94 

22.200 

7.57 

3.58 

27 

3.68 

29 

2.73 

20 600 

7.57 

3.23 

24 

3.31 

25 

2,53 

\ 

19 200 
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A - 1 


A. IKTHODUCTIOH 


Due to favourable topographic and rainfall conditions, a large amount of 
ydro-power posBibllities is available In Yugoslavia on a oomparatlvely small area 
257.000 km ). It Is estimated that it would be eoonomlo to develop 9 million kw 
and to generate 52 billion kwh in an average year. The expectations are that the 
industrialisation of the country will develop to such an extent that it will be 
possible to utilise all the hydro-power available within the country* It is obvi- 
ous, however, that a few decades will pass before the industrialisation has ad- 
vanced to a point when it would be possible to utilise such an amount of energy 
in Yugoslavia. The problem that now confronts Yugoslavia is, therefore, either i.o 
develop hydro-electric projects slowly, so as to meet only the needs of home in- 
dustries and let the surplus of water go to waste, or to develop hydro-electric 
possibilities quickly and export a part of the energy produced until such time 
when domestic use will have increased sufficiently to absorb all the energy pro- 
duced. 

At present, a considerable shortage of power is developing in the indus- 
trialised countries of Europe and demand for power is and will be such that im- 
ported energy would alv/ays find a profitable market there* 

The foreign countries bordering Yugoslavia on the north are Northern Ita- 
ly and Austria; Most of the energy consumed in these countries is being genera- 
ted in the Alps, Moreover,, energy generated in the Alps feeds Switzerland and 
to a substantial extent Germany, All the four countries could be considered as 
prospective consumers of energy to be directly or indirectly Imported from Yu- 
goslavia, 

In commercial intercourse between oontrles. Just as between individuals 
or organisations, it is necessary for the supplier to study and understand mar- 
ket conditions. Such a study should bo undertaken so that no point of advantage 
be missed by the Yugoslav representatives who will oonduot negotiations with th.s 
the countries oonoerned. 

All the countries in which a substaatlal part of energy is generated in 
the Alps are dependent on the peculiarities of the waterflow in the alpine ri- 
sers, In this region, most of the precipitation la winter is la the foi* of 
enow which accumulates on the mountain slopes and in the valleys* The possibi- 
lity of energy generation in the Alps la winter months is, therefore, small* 
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A - 2 

la 0uaa«rt to tho oontrarjr,. mot only Boraal ralafall «ator Is •▼allatolat Tory 
largo aaoBBta of aator art ototaimod la additiom to it froa aoltisg oa^w* For tbia 
reaooB thoro is a seareity of slsotrio sasrgy ia viator aad an abaadaaeo of it in 
soaaor ia tho rogioa of tho Alps* Vo oqaaiiso tho anaaor aad viator eoaditioas. it 
would he aeooosary to provido largo storage reservoirs ia vhioh vater oould he ao- 
ouaulated during suaaor to he used la viator aoaths of vater soarolty. 

I fhe iaduotrlal oouatries of Burope are highly developed aad densely popular 

ted* It is therefore very diffiealt* in fact iapossihle* to create suffioieatly 

. 4 ’ 

, large storage reeervolre* The aotnal reaedy vould he to build theraOplaats the 
operation of vhioh is very expensive la Central aad Southern Xurope. As a result 
: of all these ooael derations* there is a very suhstaatial dlffereaee la prloe het- 
veea the energy that oould he bought ia viator aad that supplied ia suaaer* 

There are instaaoes vhenjtaropeaa oouatries find it profitable to pay five 
tiaes as auoh per kvh of energy delivered in slater as they 

aot likely that the dlfferenoe ia oost between energy supplied ia winter aad sua- 
aer vlll deorease* With the developaeat of the oouatries ooBoeraed the shortage 
of winter energy vlll heooae aore aoute and it aay he expeoted that the difference 
In price will further increase or* at least* remain on the saae level as at pre- 
sent* 

These market oondltions oreate a peculiar prohlea for prospective suppliers 
of energy* as for instanee* Yugoslavia. It is obvious that ao partioular advantage 
oould he gained by supplying suaaer energy* 

Yugoslavia has two possibilities : either to oreate large storage reser- 
voirs in which water oould be aoouaulated* or to exploit the peduliarities of the 
Adriatic drainage basin* In this basin eoaparatlvely little snov is aoouaulated in 
winter and a major part of vater feeding its rivers ooaes froa abundant rainfall 
during the cold season* The moisture-saturated olouds coming from the Adriatlo 
discharge rain over the western slopes of the Dinar Mountalas and the vatereourees 
fed by these rains flov back into the Adriatlo Sea* Rivers in other parts of Yugo- 
slavia do not have suoh a pronounced abundanoe of vater in vlnter* their suamer 
flov ie often acre plentiful though it seldoa reaches the saae degree of abundanoe 
as that observed in alpine rivers in summer* 

In general, it may be stated that the dlfferenoe ia price of , summer and 
winter energy presents a ooasiderable advantage to Yugoslavia and no measures 
should be supported by Yugoslavia that would tend to reduce it* 

Praotloally* that would aeaa that any aoouanlatioa of water during suamer 
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that would porwit laoramaod enoreqr genera tloa during winter should he so far as 
possible done la Yagoslarla.. That in turn should aeaa that IftigoslaTla ought to 
export a ainlaal aaouat of energy during suaaer. hay ezoess la rugoslar exports 
of low cost suaaer energy would make It possible for the energy oonsunlag eountrles 
to laproTe their suaaer aoouauUtloa of water and, therefore, laorease their owa 
generation of high oost winter energy,. 

The market conditions la Southern lurope ladloate, therefore, the adrlsabl- 
11 ty of supplying the largest possible amounts of winter energy and of reducing to 
the alnlmua the amounts of sumsier energy exports, 

f 

If a speedy dewelopaeat of the aa4or hydroelectric projeets of TugoslaTla 
iwere attained it could bo possible to arrange a power export set-up most favoura- 
ble to Yttgoslaria. For the next deoade or two Tagoslarla would supply a gradually 
increasing amount of winter energy and a Tory small amount of sumner energy. When 
all Yugoelar power export possibilities will have been utilised for a few years, 
no further increase in the amount of exported energy should be expected. After 
that a gradual decrease of power export would set In as by that time the Industria- 
lisation of Yugoslaria will hare made sufficient headway. 

Ultimately, when Yugoslaria is able to consume all its energy, only an exchan- 
ge of energy with foreign countries will still be possible, - Yugoslaria exporting 
a large amount of winter energy and Importing a oorresponding amount of summer 
energy. At the stage of derelopment, howerer, when Yugoslaria would talanoe her 
imports and exports of energy, the payment position would be rery adrantageous for 
it, owing to the high cost of winter energy, and the ocmiparatl rely low price of 
the Bummer energya 

I The eoonomio adrantages, both present and future, of dereloplng such an ener- 
gy export-import pattern in Yugoslaria are so obrious that the speeding up of oon- 
struotioB of electric energy projects should undoubtedly be giren first priority, 
so that the export of energy might be started as early as possible. 
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B. RIVBR REGIMES OF YUOOSIAVIA 

Some of the rivers in Yugoslavia have a waterflow of the alpine type 
oiiaraoterised by small discharges la winter and large ones in summer. Most of 
these rivers originate or flow in the Republic of Slovenia. The rivers of the 
Adriatic drainage basin, to the contrary, have larger disoharges in winter and 
smaller ones in summer. The rivers belonging to the Blaok Sea and the Aegeian 
drainage basins have less variation between the winter and summer duecharges al- 
though some of them have very small summer discharges. 

The attached diagram "Hydrographs of Alpine and Mediterranean Type of 
Rivers" gives a comparison of the water discharges of the Drava River ^typical of 
the Alpine category) with those of the Cetina River, which can be considered as a 
typical Adriatic drainage basin river. 

A study of that diagram shows how the Adriatic coast rivers can be 
used to cover the deficiencies in winter generation of the alpine rivers. It may 
also be perceived that it would not be possible to utilise any of the Adriatic 
coast rivers rationally and without water losses unless sufficient storage capa- 
city has been provided. When storage capacity is available, the water peaks can 
be stored In reservoirs and utilised for energy generation. 

If the alpine rivers are to be utilised for energy generation during 
winter, very large storage oapaeitles will be required. Much smaller storage capa- 
city would be necessary for the summer utilisation of these rivers. 

The Adriatic drainage basin rivers to the contrary can deliver winter 
energy with a comparatively small storage capacity. If they are to deliver large 
amounts of energy in suauner, very large storage basins will be required. 

The energy generation oapaoity of the three basins into which Yugosla- 
via can be divided iti as follows : 


Drainage Basin 


Black Sea 
Adriatic Sea 
Aogeian 


■::r’ |l 

« S: 


Theoretical 
Million KWh 

72 000 

30 500 

6 500 

109 000 


Practical 
Million KWh 

30 000 

19 000 

3 000 

52 000 
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The theoretical generation estlnatea are based on the total estlnated avo' 
rage amounte of water and head available* The praotleal generation estimates are 
i summarisation of the generation oapaoity of projeote th|at have already been in- 
restigated. 

The attached "Map of Gross Water Power Besouroes" indioates the looations 
»f the power resources* (Fig. 4) 


i 


! 
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C, HYDHOELECTRIG SMEROY SOURCES 

When tRe hydroaleotric sources for domsstio »nd export reguireaents ere 
iing considered, they could be divided into three oategorles : 

a, Run-of-river plants on rivers having a leorger water flow in summer 
Id a smaller one in winter, 

bo Run-of-river plants on rivers having a large winter water flow and a 
Ball summer flow, 

1 o» Storage power plants in which water oan be accumulated during high 

ter season and discharged to the power plants at such times when energy is most 

eded. 

Bach of these kinds of power plants has its place in the power develop- 
nt of Yugoslavia provided a proper balance has been attained that wol^ld answer 
.e reguiremente of overall energy demand in the country. 

No particular importance should be attached to the theoretical amount 
energy that oan be generated. This figure has no slgnlf loanoe. It is important 
I know the amount of energy that can practically be generated and consumed. 

In Yugoslavia today there is a tendency to build a large number of run- 
f-rlver plants. Theoretically a considerable amount of energy could be generated 
i these plants. Practically, the eunount of energy that could be generated and 
msumed Is much smaller. There is no possibility to adjust the load to gulokly 
tianglng river flow conditions. The only method by which the generation of run-of- 
Iver plants oan be fully utilised is to provide a balancing energy source which 
rould have the task to keep the energy generation more xiniform. Suoh a regulating 
lant would supply energy during the low water season and may be shut down during 
igh water periods. Thermoplants or water storage plants oan be used for this pur- 

oso. In Yugoslav conditions thermo-plant energy is expensive; it is necessary, 

« 

herefore, to determine the extent to which it would be economical to build Sto- 
nge power plants in preference to thermo-plants, 

Suoh regulating power plants are of particular importance in connection 
Lth the energy export problem. No energy importing oountry oould afford to pay a 
Lgh price per kwh of energy for irregular and varying supply, at a time when it 
eeds a more uniform flow of energy. Bach energy importing oountry, .'however, will 
e prepared to pay a high price for a specified amoxint of energy to be delivered 
Ithin a speoifled period under the stipulated provision of a specified uniformity 
f supply. 
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I I)« WATER STORAGE 

The difference in oo6t between winter and eummer energy and the neoeeel- 
to provide a certain flexibility of operation aahee it higl y desirable to nti- 
86 the available water storage possibilities up to the eoonomlo lialt« This is 
point that was not taken into oonslderation in Yugoslavia in the past* In most 
stances It was thought that if a sufficient storage capacity could be provided 
equalise the energy delivery curve through the year, the situation could be 
nsidered satisfactory* In order to e 7 q>ort energy it Is necessary to assure as 
gh a winter delivery as is eoonomioally possible^ with a corresponding decrease 
summer energy delivery. Every water storage project in Yugoslavia should be ra« 
Bed and the cconomioally possible highest water storage developments utilised* 
is concerns all the projects in Yugoslavia* If considerable amounts of winter 
orgy are to be exported froa Yugoelaria wad available large aater storage re- 
rvolre utilised for this purpose, a large number of email storage reservoirs 
uld be helpful Is providing for a more uniform doaestlo energy delivery. 
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PARAllEL DEVBXOPMBST COVBRIHG DOMESTIC 
AND EXPORT R£;Q,UIRSMSNTS 


In order to aaaure profitable exporta of energy without deoreaaing the 
rate of induatriallaation of the country it ia neoeaaary to work out a halanoed 
development of varioua projecta. Energy exports will require the oonoentratlon of 
a large amount of energy delivery at the polnta where the energy la to be tranamit- 
bod aoroee the borders of Yugoalavla. The domeatio supply will require an exteneive 
sranamlaBlon eystem which might ultimately servioe the whole country* In the domea- 
!lo supply the importance liea not in the concentration of large amounta of energy 
It a few points but to the contrary in the supply of small amounts of epergy at a 
rery large number of points. 

The difference in the pattern of energy supply for export and for domea- 
;ic consumption more or leas governe the selection of power plants for exports and 

for domestic pu-rpoaes* 

The export of energy should bo supplied from a comparatively small num- 
ler of large power plants capable of delivering large amounts of energy during 
inter. The domestlo demand can be covered by a large number of smaller plants 
that would supply a reasonably uniform amount of energy both during the winter 
tnd summer seasons. 
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p, IHB YUGOSLAT ADRIATIC HYDRO POWSR DHLT AMD THB 
••YUGOSLAV BLSCTRIC XISRGY SXFOBT SYSTEM* 


The Beteorologloal aad topograpMle ooBdltions along the Adriatlo eoaat 
' Yttgoelnria are euoh that power planta oan he hnllt there which would be more 
alted for euppl7iQ« export (snergy than any other plants in YugoelaVia. The Yugo- 
laT Adriatic Sea drainage basin inoludes the part of the Adriatic Sea drainage 
ksin that lies on the YugoslaT territory. It is bordered by Albania on the south 
kd by Italy on the north-west. In Yugoslawia it is limited by the dlride line 
itween the Adriatio Sea and the Blaok Sea drainage basins. 

Considerable anoxinte of hydro electric energy could be deteloped in 
lie belt. Hydroplants of this region would be able to deliver a much larger per- 
intage of winter energy than in any other part of Yugoslavia. This advantage is 
le to the character of the rivers in the Adriatio Sea belt^ The natural water 
Low pattern in these rivers could be further improved by using storage reservoir 
ipacities which are also available in this region. 

The main difficulty edilch should be taken into account is the nature 
f limestone fomations here none of which are very strongly karstlfied. This 
oes not preclude the erection of developmenis, but will certainly increase their 
ost, in some instances to guite a large extent. 

In spite of this, the Adriatio hydro power belt of Yugoslavia nay on 
[le whole be considered as an unusually attractive potential source of electric 
energy exports to Italy, Austria, Oemany and Swltnerland. 

It would be a grave nistake, however, to underestimate the technical 
llffioulties that have to be overcome in order to set up an energy export scheme, 
lone of these difficulties are unsumoun table, but a most careful oonslderation 
ihould be given to all faotors involved. 

It will be necessary to keep large power plants strung along a tran- 
Diesioa line in the Yugoslav Adriatio Belt in parallel operation with the power 
ystems of Italy and Austria. The distanoe between the farthest removed Yugoslav 
bwer plant and the nearest point of the Italian and Austrian transmission systems 
ill be about 580 km. Along these 580 km the tranemisslon system at the Yugoslav 
nd will not distribute but only ooUeot energy at a number of points. The voltage 
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ind other re^rulations of auoh a eyetea and its nalatenanee in satiafaotory ope- 
ration will inrolre the use of the latest regulation faoilities and a superior 
Domaanioatiou systen oonaeoting the chief dispatcher's office of the Tugoslar 
Sleotrle fttergy Systea with all the other pluts as well as with the chief dis- 
patcher's of flees of the Italian and Austrian power systeas* 

She energy export systea to he deVeloped in Tugoslawla will he so unlike 
[any other existing systea of this kind that the experienoe gained in this field 
lin the past would prorlde wery little guidance^ 

1 The ttost important problem would be to keep the energy export systea se- 

narated from the local distribution systems* Ho troubles in the local systea 
should be allowed to interfere with a saooth operation of the export systea* 

Itf therefore, beooaes a requirement of first importance to keep the 
sxport systea praotloally Isolated from all other Yugoslar distribution systems* 

It will be necessary to select and designate a number of power plants in 
fhe Adriatic Hydro-power Belt adiloh would be entirely devoted to the generation 
)f energy for export purposes* These plants would be under the direct aanageaent 
>f the energy export organisation whioh is to be directly responsible for their 
speration. The energy exporting plants should be connected by a special high ten- 
lion transmission line* ConaeotiOns to any local systea should be considered as 
mergenoy oonneotions only and ought not to be operative during the normal ope- 
fation of the system* 

As time goes on^and when practical experience has been gained in the ope- 
ration of an export circuit, deolsions could be taken with regard to increasing 
the number of eaergensy oonneotlenn. 

It will therefore be advisable to assign a number of power plants in 
bis belt for energy export purposes* Lobal requirements may be supplied from 
be remaining plants of that belt and from the plants located in the Black Sea 
ralnage basin. 

Upon' careful consideration it is recommended that the following projects 
s included in the first step : 

"Electric Energy Export System of Yugoslavia" 

1* Zeta River Projects 
2* TrebiSnjlea River Projects 
3* Heretva River Projects 
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4o Cetina River Projects 
5* Bohlnjsko Jezero Plant 

A combination of these projeots will provide the most favourable enexor/ 
export patterno The Electric Energy Export System should have complete control not 
only over the power plants assigned to the export scheme , but also over every sin- 
gle other plant on the above mentioned rivers. 

Fears that the Energy Export Scheme might interfere with the industria- 
lisation and development of local industries in the Adriatic Hydro Power Belt are 
quite groundless. There will be plenty of opportunity to supply the local needs 
from other sources not included in the Energy Export Scheme. 

Ab timo goes on and the operation of the system develops, it may prove 
advise Me to increase the exports of energy. In such a case additional power plants 
[Should be assigned to the Energy Export System, 

I 

Large amounts of energy will have to be supplied for export during the 
six winter mortthe. The difficulties in operation will be considerably reduced if 
the number of energy supplying plants is kept as small as possible. At the same 
time, the number of turbine-generator aggregates and transformers should also be 
reduced to a minimura* In other words it would be advantageous to utilise the lar- 
gest aggregates obtainable within manufacturing and transportation limits. These 
large aggregates should be installed in a small number of large power plants. 

These plants would be larger than anything ever attempted in Yugoslavia before 
and in the order of the largest hydro-electrio power plants in Europe. 

To make the operation possible it will be necessary to provide not 
only very large but also very sensitive turbo-generator aggregates. The turbines 
of these aggregates should have a very short closing time and the aggregates 
themselves - a very quick response to the action of speed and voltage regulators. 

The iugh water voloeities that are at present being accepted in the 
projects in waterways approaching the turbines make it Impossible in many instan- 
ces to maintain the necessary high regulation sensitivity of the turbines. In 
export plants considerable attention should be given to reducing the water velo- 
cities tc such an ext^^nt as to assure the necessary degree of high regulation 
aeneitivity of the turbines. 
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G, 3BQ,UBHCE OF C0H3TSUGTI0N AND INITIAL OPERATION OF PROJECTS 

When making arrangemento for energy exports two major requlhements 
aust bo satisfied j 

To keep meticulously to the stipulated dates and minimum amounts of 

energy deliveries; 

2* To supply from the outset considerable blocks of energy and then 

gradually inorease the amount of energy 

The first req.uirement is obvious. In dealixigs between independent 
^untries each partner must be oonTident that the other will keep the agreed upon 
>rms. If such a confidence is lost, the relations between the country supplying 
le energy and the country reoeiring it cannot he maintained on a mutually satie- 
ictory level. The oountriee importing the energy will try to make other arrange- 
mte that they might consider more reliable, in order to protect their industries 
Id assure their economic developments 

The second roq^ulrement is of unusual importance e If Yugoslavia could 
tart to deliver energy within the next two or three years, a very favourable agree- 
ent could be reached between Yugoslavia and the energy consuming countries. Any 
urther delays of the initial delivery date would cause the energy reoeiving ooun- 
ry to make some other arrangements that would be to the direct disadvantage of 
Yugoslavia* 

It is, therefore, necessary to work out a scheme of energy exports 
ihat would on one hand make possible an early start of energy deliveries and on 
[the other hand be set on a realistic bvsis, so that the terms of agreement could 
actually be adhered to® 

The construction of power plants has already reached 'iniJ advanced 
»tage both in Bosnia an Herzegovina and in Slovenia. The plants in these Republics 
(ould and should be utilised to speed up the beginning of export operations. The 
ablanica power plant could be suggested as the key plant for the Initiation of 
energy export. As outlined in the attached report, entitled “Export of Electric 
Energy From the Neretva River Basin"!, the changes necessary to make it an energy 
sxport plant can be well accompllBhed within two years. If tije decision is made 
md the funds provided without delay, this plant could be put in operation and 
start to supply energy in the course of the winter 1955-56. 
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fh* «T«rM« y«»rlj energy output of about 70q million kulL of the Jabla- 
ilea Plant could be suppleaented by about 300 nillion kwb to be eupplied by Slo- 
reala. for this purpoee It would be adrlaable to build without delay the Bohinjeko 
resero Plant which could be oonpleted within two yeara. Beeldes thia, it might be 
roeaible to obtain additional enerd^ from aone of the SloTene run-of-rirer planta 
^>d uae the Jablanioa atorage to lawel off the delirery eurre. | 

Aa outlined in the attached report Mtitled "Bxport of Bleotrio Energy 
^oa the Zeta Rlrer Baaln*. the Zeta power plant, working aa a run^of^rlTer plant. ' 

joould atart to dellTer 600 million kwh in the winter a^tntha of 1956, 

la 1957 . the Ulog atorage plant on the Upper leretra oould aupply 550 
pillion kwh and at the aane time laprore the dellrery of energy by Inoreaalng the 
itorage oapaoity of the ayatem. The aaae year, the completion of the firat atep 
f the Zeta atorage pro jeot would make it pbaaible to Inoreaae the deliTery of the 
eta plant by another 100 nilliona kwh. 

In 1958, the OlaTatldero atorage plant on the Upper leretra oould pro- 
Ide an additional 400 million kwh and at the aaae tine improre the atorage fael- 
jltlee of the eyetem. Baring the aaae year it would probably be poaaible to add 
Bother 400 nillion kwh by putting in operation the aeoond atep of the Zeta Ri- 
er Project. 

In 1959, the Rana plant oould add another 700 million kwh and oontrlbu- 
e to a further enlargeaent of atorage faoilltlea of the ayatem. 

The building of a daa and power plant at PeruSa or Obrorao on the Ce- 
^ina Hirer and of another power plant near Split oould be atarted at a rery abort 
Botloe. This might be ooneldered aa the firat atep of the Cetina project. The ae- 
pond part of thia projeot could not be atarted until the ooapletlon of inreatiga- 
kion whloh alght take a few yeara. The Cetina Hirer Itaelf doea not preaent any 
inueual diffloultloa. Kie aealing of the karat plalna at the higher eleratlon 
rill, howeror, Inrolre a oonalderable amount of inreatlgation and teatlng. Thua. 
the project included in the firat step of the Cetina Hirer derelopment oould 
Itart to dellrer about 2 billion kwh already in 1959. The date of starting of 
further energy delirery from the Cetina oould be determined only after the de- 
tailed inrestlgatlons hare been completed. 

In i960 the Treblinjioa Hirer plants oould start to dellrer 2,35 bil- 
lion kidi. 
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In 1961 1 reinalnfier of the Neretva River plants vould add a furtlMr 

billion 900 million Kv/h to the total delivery. 

The proposed sequency of Initial delivery dates and the amounts of ener- 
to be delivered annually in 1955-61 are summarised in Table I included in the 
bonunendationss "Initial Years of Delivery and Approximate Total Yearly Exports". 

The data contained in the abovementloned table must be considered as 
iovisional estimates only. It is possible that in some instances the amount of 
iergy delivered could bo larger and in some smaller. The available water flow 
ta do not cover sufficiently long periods of time and are not suffloiently re- 
ible to allow any definite ooncluslons to be made. 

Transmission losses have not been deducted, so that the net amount of 
jrgy deliv^jred to the foreign countries will be bqlow that in the above 

■ ■ ' y 

>l<j. 

The approximate distribution of energy exports between tlie winter and^ 
imer months is given in the attached Table IV: "Approximate Yearly Winter and 
imer Export Generation". This table must also be considered as a provisional 
jimate only* It may be that, when the projects have been designed and built 
I the maximum economic storage capacities utilised, it will be possible to fur- 
)T increase the amount of winter energy and correspondingly decrease the .amount 
summer energy. 

The potential initial delivery dates have been determined after a uor- 

F nal inspection of each of the four river basins involved* The estimates are 
0 based on iniorraation gathered at numerous conferences with Goitjpetent engi^ 
ers and designers, held during these inspection trips* The terms set out in 
is report represent the considered opinion of the writer based on a six-month 
idy of the hydro-electric problems and of the cons tz*uc ti on of power plants in 
roslavia. These studies reflect the writer’s belief that the designing and con- 
Oiotion of the projects could be put on a more rational basis and the oomple- 
fU of the projects could be achieved within a much shorter time than it has 
in in the past* The field notes made after the inspection of each of liie four 

vementioned river basins and of the Bohlnjsko Jezero are attached to this re- 
t.- 
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Table XT 


EXSCTRIO BNEBGY EXPORT 3YSTEI1 OF YUGOSLAVIA 

‘ Appiroximate Yearly Winter and Summer 
Export Genei^ation 


Tear of 

Initial P r 0 j e o t 
Delivery 


Average Yearly Export 
Generation per Project 

1000 Million KVb 


Total yearly export 
Generation 

1000 Million KWh 




1. 

1955 

Jablanioa 

0.57 

0.20 




2. 

1955 

Slovenia System 

0.23 

0.10 

0.80 

0.30 

1.10 

3. 

1956 

Zeta RuH-of-Biver 

0.50 

b.io 

1.30 

0.40 

1.70 

4. 

1957 

Ulog 

0.45 

0.10 




5. 

1957 

Zeta First Storage 

O.IO 

0.00 

1.85 

0.50 

2.35 

l 

6. 

1958 

Glavatldevo 

DiSO 

0.10 




7. 

1958 

Zeta Second Storage 

0.40 

0.00 

2.55 

0..60 

3.15 

8. 

1959 

Rama 

0.60 

0.10 




9. 

1959 

Getina First Step 

1.60 

0.40 

4.75 

1.10 

5.85 

10. 

I960 

TreblSnJloa 

2.15 

0.20 

6.90 

1.30 

8.20 

11 

1961 

Heretva Remainder 

1.50 

0.40 

8.40 

1.70 

10. 10 
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H. TKaMSMTSSIOW SYSTm AND rilOPOSED EXPORT ENERGY PLOW 


The natural meth<Ja of exporting energy from the Adriatic ahore to 
Italy and Austria would be to run a high tension transmission line passing 
close to the energy export power plants. This transmission line should be 
connected with all the export plants of the Adriatic Belt. To make the pro- 
position Qconomio it will be advisable to use a high voltage the necessary 
equipment for which can be obtained without any particular difficulty and at 
a reasonable cost. It appears economic, considering the distance and amounts 
of energy involved, to go higher than 220 KV. It would probably be economic 
and convenient to use a 400 K? system. 


The high cost of substations in such a transmission system and the 
tendency to 'sake the system as reliable as possible will make it desirable to 
reduce the number of substations to the unavoidable minimum. 

would be most rational to provide a distribution 
m 8 a on in Slovenia and locate it as close as possible to the Italian and 
Lustrian border line. The energy could be transmitted to Italy and Austria 
c a>ibstation at any voltage these countries might desire at the stan- 
ar 50 cycles frequency. All the transformers for energy delivery from the 
s ribution station on, as well as switching equipment for the transmission 
►Ines going across the Yugoslav frontier could be the property of the energy 
•eceiving country. All metering of energy delivered abroad is to be done at 
<he distribution substation. 

The unified operation of the whole system of power plants and trans- 
lission lines should be governed from a single chief dispatcher '■? office which 
light be located at any point along the transmission line but preferably close 
■0 the main distribution substation. The chief dispatcher must have at his 
lisposal the most reliable means of communloations with each power house and 
ubetatlon, ao well as with the chief dispatchers of Italy and Austria. All 
nstructions of vital importance for the successful operation of the system 

ire to be issued over a carrier-current telephone or by any othe& means avall- 
Ible to him. 

The regulation of the system will require a considerable amount of 
Syrichronous condensers capacity and other compensating equipment adequately 
distributed over the whole extent of the system. 

It is suggested that the transmission line from Jablanica to the. dis- 
tribution subetation in Slovenia be initially operated at 220 KV. Such an 
jperation will provide the necessary training for the personnel which is to 
landle high tension trnasmission lines under specific conditions that will be 
ih .racteristic of the Yugoslav energy export system. The 220 KV equipment is 
It present better standardised than the higher voltage equipment and couid be 
ibtained within a shorter time. The first transmission line could be put in 

iperation in 1955, at the time when the Jablanica power plant is ready for the 
export of energy. 


The next transmission line - the one to Zeta, and all the other trans- 
iission lines of the Energy Export System should be of a higher voltage. After 
' le Zeta transmission line has been put in operation the Jablanica transmission 
me saould be reinsulated so that the whole system be operated at the same 
ligfi voltage of, probably, 400 KV. 
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The length, voltage and presumable Initial operation dates of the 
ransirlf Sion lines of the system are suomarised in the attached table en- 
fitled Ijinitial Operation Dates for Transmission lines Oonneoting the Power 
'lants and the Distribution Substation in Slovenia". 

Even though the transmission line's are to run praotloally parallel 
0 each other it Ls recommended to place them at some distance from one an- 
ther so as to eliminate the possibility of local damage extending to all the 
ransfussion lines which would result in a total stoppage of service over the 
hole system. The transnlseion lines are to be joined together at each eub- 
tation so that upon instruction of the chief dispatcher they might be ope- 
kted either on a parallel basis or in segregation. This would also permit 
to achieve, without any interruption of energy delivery, the isolation of any 
ingle transmission line that may be damaged or that should be put out of ser- 
vice for paintenance or repair purposes. 

The maps: "Recommended System Development 1955"(Flg.l> and "Reoom- 
ended System Development I 96 I" (^Fig.2^, attached to the Recommendations, 
low respectively the Initial Jablanloa transmission line and the complete 
ratem as recommended. The system as sho' n on the second map might be fur- 
ler expanded in the future if it were deemed desirable to increase the vo- 
ime of energy export. 

The attached schematic wiring diagram "Power Scheme - Recommendsd 
rstem Development I 96 I" ^Pig.5; summarises the high points of the electric 
ituree of the System. 
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Table y 

SLMIRIO BNSRiSY BiPORT 8TSTOI Of XUQOSIATIA 

Initial Operation Rates for Traaemlssion Lines Conneoting the Power Plants rnd 
the Rlstribution Substation In SloYenla . 


74ar of initial 
o!>eratioB 

Rnd point of trane- 
__aii9_i.on lines 

Length 

Voltage 

In KT 

1. 

1955 

Ja^lanioa 

480 

220 

2. 

1956 

Zeta 

572 

400 

3. 

1957 

Jablanioa reinsulated 

460 

400 

4. 

1959 

Cetlna I 

360 

400 

1 

i 960 

IreblB^jioa 

530 

400 

1 6v 

1961 

Keretva 

547 

400 


Total length of 400 K? transmission lines in operation 
between the years I 956 and 196 I j 


1956 

• 

572 tan 

1957 

“ 

1052 tan 

1958 

. - 

1052 tan 

1959 


1432 tan 

i 960 

- 

1962 tan 

1961 

- 

2509 km 
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I. YEARLY DELIVERY SCHEDULES OF ENERGY EXPORTS 


In signing a commercial agreement to deliver energy it is of utmost 
importance to the consumer to have the aeeurance of a definite minimum energy 
delivery that is to be made eaoh month or year. Any amount of energy that 
C'juld eventually be delivered above the stipulated minimum ie of letser. value 
to the consumer. It may be difficult and in some oases even impossible to 
utilise such additional but uncertain amounts of energy. 

Commercially that is usually reflrected in the higher price paid for 
tipulated minliaum delivery, that price ie high, heavy penalties may be 

imposed for failure to deliver that minimum in accordance with the agre.ed 
pon terms. The price of energy to be delivered above the stipulated minl- 
m amount is usually lower. In some instances the difference in price may 
poome substantial. 

Keeping in mind the winter-summer difference in pries it will be 
cersary to have as large as possible winter delivery included in the sti- 
ulated minimum amount and as small as possible summer delivery. Whenever 

t should prove economical, the water hecewing available in aummer should be 
ccumulated in a storage reservoir and reserved for additional energy gene- 
ation in winter. 


I 


From the price of energy viewpoint the amount of guaranteed high 
coat energy must be limited to the amouht that could be ‘delivered in winter 
during a low water year. The average amount of energy calculated on the basis 
of a few low water year deliverieo and a few high water year deilreries can 
hardly be used as a basis for the calculation of cost and price estimates. 


Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3 


Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3 

J - 1 


3. APPROXIMAT* ESTIMATE OP CAPITAL COST INTOLVBD 

The coet eetlBateB for a deTolopment can he prepared on a reaeon- 
ahle baei® etadying the cost of atruoturea already built. Analysing 
these data it is possible to determine which unit cost in a proposed struo 
are must be increased and which decreased. As soon as such data and the 

..rue. IP •”« *’■“* ”• 

„.t«atl..tlon of .orii .nd .l»o t, Iptroduoipg a« or .itMdlPg th. olr..- 

dy available meohaniaation. 

' Fo cost figures are available in Tugoslavla and no standard me- 
thods of determining the coat ara known therd. 

in preparing general eatlmatea of cost of a proposed project no 
rticular dlffioulties will be experienoed in eetimatlng the dollar coat 
If *»«t •»»““ ‘P •“»»“'* Pro. .broad. On tn. oth.r l»nd, It 

d„. not ..P^r po..lbl. to d.t.r.in. .Itn . con.ld.r.1.1. d.gro. of .con- 
r,cy the ooot la dinar, of equipment, motorlnl »nd labour tbat i« to be 
eupplled ioouUf. ’»>«« the Tugo.l.r flnMol.1 .ytem, .bore the oo.t t. 
weed o..PpUo.tlon of labour oo.t oo.fflolwlt. that run .. blgb a. a 

tnou.and perount of tb. aotual oo.t of labour and are fr.qu.ntl, obangod. 
no oo.t eetlmato. In the aooepted .en.e of tK. word oan be ™d.. 

It uould bo of Tltal importance to aork out a etandard for the 
elaboration of aotual eo.t e.tlmat.. for projeot. ultb a r~..onabl. degree 

of aoouracy. 

It 1. not poealble » make e.tlmat.. of oo.t for projeot. of .uoh 
magnitude until an .oo.pt.d motbod for tb. elaboration of oo.t eetlmate, ba. 
been d.t.lop.d and until tb. geological etruotur. and moobanloal prop.rt .. 
of tb. area, m que.tion bar. b«n carefully determined. Snob a determine- 
tlon .ould InrolT. onnaidorabl. amount, of field wot*. »ot much .ork of 
tbat kind ba. been don. .0 far and .bat ba. been don. doe. not reach tb. 
required etandard by a .id. margin, both in re.peot of quality and quantity. 
But ...n after a .ufflolent amount of In.e.tlgatlon ba. been mad. it .ill 
be Impo.alble to prepare a ooot e.tlmat. that TOUld, from tb. poin 
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of «oourac 7 compare farourablp with standard eetlmatee if no eetsbllebed eatl- 
mating method has been dOTeloped. 

HeTortheleee, it would appear necessary to make a cost study that 
would give if not exact estimates then at least approximate figures that could 
be used to eetabllsh the magnitude of the undertaking and supply some indi- 
cation as to the approximate cost of producing energy. 

The attempt to make a capital cost estimate could be started with a 
calculation of the approximate cost in dollars of the proposed energy export 
system. 

The power plants to bo comprised in this system could be categorised 
under low, medium and high cost plants. The Zeta plant is a low cost plant 
and the cost per KW oapaoity installed is assumed at 250 dollars for the 
run-of-river plant. The cost of additional installation in cosneotion with 
the first and second storage reservoirs It the same plant hae been assumed 
at 100 dollars per KW. 

The Slovene plants, the Ulog and OlavatlSevo plants on the upper 
reaches of the Neretva River and the TrebiSnjica plant come under the cate- 
gory of medium. coat plants. The cost of these plants is assumed at 275 
jdollars per KW. 

The high cost category includes Jablanlca, Rama, Cetina-First Step 
and the remaining plants on the Herotva River. The cost of these plants is 
assumed at 500 dollars per KW. 

Theae costs should comprise the cost of a complete power plant with 
all the necessary struotures, machinery, power houses, switchyards, trans- 
formers and the connection from the power plant to high tension transmission 
line substations. 

The 220 KW Jablanioa. transmission line is estimated to cost 55,000 
dollars per kilometer. This should include the tower structures and spacing 
so arranged that the line oould be later on reineulated for 400 KV. The above 

rt 

cost estimate inoludee all eubstatlone , high tension transformers, as well 
as ell the neoeeeary oommunloation aind operating eq.ulpment. The cost of 
reineulation of this Une from 220 to 400 K!v la estimated at 20,000 dollars 
per kilometer. 
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i 

The 400 KV trahsmiBslon lliiee are estimated to cost about ^0,000 
ollars per kilometer. This figure includes, beside the transmission line 
proper all essential equipment , suoh as synchronous condensers and communi- 
cation and other facilities necessary for the operation of the system* 

The basic data of the system and the year by year cost of the parts 
of the system the construction of which is expected to be completed within 
each year are summarised in the attached table : Approximate Installed 

I 

Capacity in MY, Length of Transmission Lines System in Kilometers and 
Their Equivalent Cost in Do liars. (Table Vl) 

The total cost of 2450 MV installed capacity in power plants and 
2509 kilometers of 400 K? transmission lines is estimated at 001.65 million 
bollars. Two raaior problems arise in connection with the financing of the 

i - 

system. First, a large portion of the total cost will be spent in local 
burrency, while foreign currency will be required for a smaller part of the 
total expenditure. Second, it would not be necessary to obtain the total 
sum required for the realisation of the system by means of contracting loans, 
^hen the first part of the system has been put in operation, it will be pos- 
Bible to finance at least a part if not the whole of the remaining develop- 
Bent out of profits earned from selling the energy abroad. 

In the absenoe of any data it will be necessary to develop a method 
of dividing the capital cost estimates into two parts. First, the equipment 
and services that should be supplied from abroad. The cost of this equip- 
ment and services would be estimated on the basis of current world market 
prices plus a margin for handling and transportation charges. 

As to the second part of total expenditure, to be made in local 
currency, it could be estimated on the basis of actual coat incurred on 
similar developments in the United States and converted into. dinars at the 
official rate of 300 dinars per dollar plui/ a certain percentage refleotfng 
the actual conditions in Yugoslavia. On the 'basis of information received 
that addition should be 100?6. How every,' making a bold assumption that very 

subetantial savings might be achieved in the future, this additional margin 
might be decreased to 50?&. 

As indicated in the attached table Approximate Year-By-Year 
Requirements in Foreign and Local Currency, the cost can be divided into 
foreign and looal currency requirements. This division has been based on 
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the aoBumption that all major eq.ulpment will be delirored from abroad and that 

I 

local expondlturaa will include the ooet of local labour and minor equipment 
as well aa of all materiala to be obtained locally. Ho Interest payments to 
be made during the construction period hare been included la this cost eatl- 

ma te. (TaWe VII ) 

The riec«Q8ary amounts of foreign and local currency have been ar- 
ranged on a year-by-year basis* There is^ therefore! a distinction between 
the amounts of yearly ejcpendttures as indicated In this table and In the 
preceding one. 


I 
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Table VI 


US 


IGbSCTBlC SNERGY UFOST system of YTJGOSUITIA 


.-sSitrais 


Approzlnte Installed oapaoii/ In MW» 
length of transalssion sFsI^aB in ka, 
and their eauifnleat cost ia dollars* 


Project Oapaoity 

MW 

Length 

km 

per EW 

oapaoity 

dollars 

Eoul valent 
per km 
of line 
dollars 



Total cost 
million 
dollars 

laoln4i"f 1955 






Ja^lanioa 

200 

480 

300 

35,000 


Slorenia System 

100 


275 . 


104,35 

Including 1956 






Zeta no storage 

150 

572 

-219 


66,10 

Including 1957 






Ulog 

150 


275 

50,000 


Zeta First stcrage 

75 


100 



Relnsulatlon Jabla- 

- 





nloa line 


480 


gQi9Q9- 

58.30 

Jaoluding 1958 






GlaTatidevo 

100 


275 



Zeta Second storage 75 


m 


35,00 

Inciting 1959 






Sama 

150 


300 



Oetina First step 

450 

380 

300 

50,000 

199,00 

Including I960 






frebiSnJica 

600 

530 

275 

SQiOM- 

191,50 

Including 1961 


■ 




Neretva Remainder 

400 

547 

_20fi 

50.000 

147.40 




Total : 

801*65 


Total installed oapaoity - 2450 MW 

Total length of 400 KV transaission lines - 2509 km* 
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Table 711 

i 

biecthk; energy export systek of yugosiayia 

Capital Goat - Approximate Year-by-Year Requirements in 
Foreign and Local Currencies 



Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3 


Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3 

rv ""X 

K. '.'INaMCIAL 


The Electric Energy Export System of Yugoslavia will require the In- 
tment of a large amount of money. The foreign and local currency require- 
ta given in Table VII are obviously of such magnitude that Yugoslavia could 
afford to invest so much money on her own in a comparatively short period of 
e years. 

It is possible that the financial conditions of the country will permit 
expenditure of a substantial part of the sum required in local currency. The 
"^eign currency must necessarily be provided by means of an international loan. 

The present world conditions are reasonably favourable for the conclu-^ 
in of financial arrangements that would permit the export of energy from Yugo- 
via. It would be preferable to try to obtain a straight loan under the most 
Durable conditions possible rather than to ask for a grant* Thus a purely fi~ 
cial transaction would be involved. In future, the world financial conditions 
' no lon/^er be so favourable as they are at present and if the matter is delay- 
it may be reflected in increased difficulty to obtain a loan and in harder 
bs. 

The loan situation will be all the more favourable due to the fact that 
i system will be developed gradually- It would therefore be possible to invest 
ing the partial operation of the first stages of the system a large portion dr 
n all the income of the system in order to finance the reaaining Btages. ' 

Under the present conditions it may be difficult to obtain the whole of 

necesoary foreign loan through a direct banking operation. Some parts might 

% ....... 

sibly be obtained from foreign countries in other forms, as for instance in the 
^pe of machinery, equipment and services. These methods of obtaining foreign 
rrency have considerable disadvantages and should be used only if no direct loan 
n be obtained. in all probability, a combination of several methods of obtain- 
?: a loan will be the ultimate outcome of the financial negotiations. Jf such a 
npiicated financing system must be used it is particularly necessary to have a 
^ r understanding of what can be accomplished by the best method, that of a 
T' ct loan. other loan combination j^^at be analysed and compared with the di- 

it loan method so that a picture can be obtained of the relative advantages and 
ladvantagos of the other loan methods. 
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In order to clarify the financial poesibili ties two variants of finan- 
rrangements have been analysed; 

Variant "A" is based on the assumption that during the years 1955-1961 
amoantR of foreign currency will be obtained from the operation of the 
and reinvested in it. It is assumed that all local currency requirements 
oe covered by Yugoslavia. These assumptions are summarised In Table 
The selling price of energy being unknown, the reinvestment charges are 
I'd as chirges in Mils (one tenth of one cent or one thousandth of one dol-> 
,nd as ch trges m Dinars per KWh to be generated in the system plants dur- 
average writer year. 

Variant "B'' is summarised in Table XIV. The reivestment charges in 
n currency are much smaller but reinvestments are assumed In local 
cy too. 

As a result, the foreign currency loan in Variant "B" is higher than in 
t "A" but the original local currency investment is smaller in Variant "B" 


r “ “ “““ ““ 

Variant "A” 

Variant "B" 

Kriginal Loan 

B Million Dollars 

16 ji . 40 

207.50' 

B Million Dinars 

219 000 

167 000 

Keinvestment 

Million Dollars 

151.30 

107.20 

Million Dinars 

' 

— 

51 900 

Total Investment 

Million Dollars 

314.70 

314.70 

Million Dinars 

219 000 

219 000 


Both these variants are analysed under the following asstimptlons : 
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1. Interest ohargee on the foreign loan are 

2. Interest payments on the foreign loan are deferred until 
1958 for Tarlant “A" and until 1959 for Variant “BV 

5 . The loan will be repaid in 25 years beginning from 1958 
for Variant "A" and 1959 for Variant "B". 

4. Interest charges on foreign currency reinvestment of the 
system income are taken at 3 ^. The payment of interest 
on reinvestment is deferred until 1959 . 

5, The reinvestment in foreign currency will be repaid in 25 
years, the repayment beginning in 1962 for Variant "A" 
and in I 96 I for Variant 

6 . The local currency investment interest is 3^. The pay- 
ment of the interest is deferred until 1962 for both va- 
riants. 

7, The local currency investment and reinvestment will be 
repaid in 2'5 years beginning with I 96 I. 

Tables IX to XITI inclusive give the foreign and local currency 
6 for Variant over the whole period until all the investment is 
Tables XV to XIX inclusive give the same charges for Variant “B** • 

Variant "A** involves a smaller loan and the financial chargee are, 
ore, smaller. Table XX gives a comparison of cost of foreign currency 
As can be seen from this Table, the Variant *'B“ financing scheme will 
e an excess payment of 44 million dollars until the time then the origin- 
ns have been repaid. 

Insofar as local currency is concerned it will be neoessary for Yu- 
fia to invest 219 000 Million Dinars in nine years under Variant "A" and 
t67 000 Million Dinars in seven years under Variant "B“. The financial 
tions of the country permitting, it would seem advisable to invest the 
,onal 52 000 Million Dinars in local currency in order to reduce the 

5ial charges in foreign currency by 44 Million Dollars. 

Financial arrangements under either Variant •*A” or “B" will not only 
joasiblo the construction and owning of a large energy export system at a 
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comparat i vely small expense for Yugoslavia , but also produce a stabilising 
effect on the international value of the Yugoslav currency. This big system 
will be built without it being necessary to expend Yugoslav currency on the 
acg^uisition of foreign exchange. To the contrary, once the system is comp- 
leted and put in operation it will earn foreign exchange. Part of this for- 
eign exchange muj-t be used to buy Yugoslav currency in order to cover that 
part of expenditure that must be made in local currency. This will, of course, 
tend to improve the financial standing of the country. 
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Tatlc VUl 


P0RBI6N AND LOCAL CURRENCY LOAN AND REINVESTMENT REtiUtREMENTS 

VARIANT "A" 

Reinvestment: Foreign currency - 15-0 mils or lass per generated KWR 
Local currency - no reinvestment 


yoreiga Currency - 


Year 

Energy 

Generated 

1000 

Million KWh 

Reinvestment 

Mils per Million 

KWh Dollars 

Loan 

Million 

Dollars 

Total 

MillioJi 

Dollars 

1953 




60.00 

60.00 

1954 




60.50 

60.50 

1955 

1.10 

15.0 

16.50 

31.00 

47.50 

1956 

1.70 

15-0 

25.60 

11.60 

37.20 

1957 

2.35 

15.0 

35.20 

0.30 

35.50 

1958 

3.15 

9.2 

29.00 


29.00 

1959 

5.35 

4.6 

24.50 


24.50 

I960 

a.sro 

1.9 

15.50 


15.50 

1961 

10.10 

0.5 







151.30 

163.40 

314.70 

Local Currency - 






Energy 

Relnveetmtat 

Loan 

Total 

Year 

aenerated 

Dinars 

Million 

Million 

Million 


1000 

per KWh 

Dinars 

. Dinars 

Dinars 







1953 




39 000 

39 000 

1954 




43 000 

43 000 

1955 

1.10 



33 500 . 

33 500 

1956 

1.70 



26 500 

26 500 

1957 

2.35 



26 000 

^6 000 

1958 

3.15 



21 500 

21 500 

1959 

5.35 



18 500 

18 500 

I960 

8.20 



7 500 

7 500 











219 000 

219 000 
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Tabla IX 

FOREIGN CURRENCY LOAN - VARIANT "A" 

Loan Chargee 


Year 

Loan 

Yearly 

Install- 

ment 

Mil 

Loan PluB 

Accu- 

mulated 

Interest 

lion D 

Loan 
Repayable 

0 1 1 a r 8 
Interest 

on 

Loan 

4.5 % 

■ Repayment 
ef 

L 0 a n 

25 Years 

To tal 
Loan 
Charges 

1553 

60.00 

_ * 





1954 

60.50 

62.70 





1955 

31.00 

123 *20 





1956 

11.60 

159.70 





1957 

0.30 

178.60 





295S 


186.90 

186,900 


7.476 

7.476 

1959 



179.424 

,8.590 

7.476 

15.866 

I960 



171.948 

8.060 

7.476 

15.476 

1961 



164.472 

7.740 

7.476 

15.216 

1962 



156.996 

7,410 

7.476 

14.886 

1963 



149.520 

7.070 

7.476 

14.546 

1964 



142.044 

6,740 

7.476 

14.216 

1965 



134.568 

6.400 

7.476 

13.876 

1966 



127,092 

6,050 

7.476 

13.526 

1967 



119.616 

5.720 

7.476 

13.196 

1968 



112.140 

5,380 

7.476 

12.856 

1969 



104,664 

5.050 

7.476 

12.526 

1970 



97.188 

4.610 

7.476 

12.086 

1971 



89.712 

4.380 

7,476 

11.856 

1972 



82,236 

4.040 

7.476 

11.516 

1975 



74.760 

3.700 

7.476 

11.176 

1974 



67.284 

3.360 

7,476 

10,836 

1975 



59.808 

3.030 

7.476 

10,506 

1976 



52.332 

2,690 

7.476 

10,166 

1977 



44.856 

2.350 

7.476 

9.826 

1978 



37.380 

2.020 

7.476 

9.496 

1979 



29.904 

1.680 

7.476 

9.156 

1980 



22.428 

1,340 

7.476 

8.816 

1981 



14,952 

1.010 

7.476 

8.486 

1982 



7.476 

0.660 

7.476 

8,136 

1983 



“ 

0.340 

- ■ 

0.34c 

To tal : 

163 . 40 



109,220 

166.900 

296.120 
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Table X 


FOREIGN CURRENCY REINVESTMENT - VARIANT "A“ 


ReiUTeetment Charges 


Year 

Reinvest- 
ment In- 
stallment 

Accumul- 
ating Ib- 
terest 

3 

M i 1 1 i 0 
Reinvest- 
ment plus 
Abdumulat- 
ed^terest 

n Doll 
Reinvest- 
ment Re- 
payable 

are 

Interest 

Payment 

3 i 

Reinvest- 
ment Re- 
payment 
25 YeaiP 

■ Total 

Rein- 

vestnsnt 

Charge 

1953 








1954 








1955 

16,50 


16.5P0 

- 

- 

- 


1956 

25,60 

0,495 

42.5.95 


- 



1957 

35,20 

1,280 

79.075 

- 

- 

- 

- 

1958 

29,00 

2,390 

110.465 

'110.465 

- 

- 


1959 

24,50 

3.320 

- 

134,965 

3.320 



I960 

15,50 

• - 

- 

150.465 

4.045 

- 

4.045 

1961 

5.00 


- 

155,465 

4.530 


4,530 

1962 




155,465 

4#664 

€.219 

10,883 

1963 




149.246 

4*664 

6,219 

10.883 

1964 




143,027 

4.480 

6,219 

10,699' 

1965 




136.808 

4.300 

6,219 

10,519 

1966 




130.589 

4.110 

6,219 

10,329 

1967 




124.370 

3.920 ■ 

6.219 

10.139 

1968 




118.151 

3.730 

6.219 

9.949 

1969 




111.932 

3.550 

6.219 

9.76s 

1970 




105.713 

3.340 

6.219 , 

9,559 

1971 




99.494 

3.170 

6.219 

9,589 

1972 




93,275 

2,990 

6.219 

9.209 

1973 




87.056 

2, .800 

6,219 

9,019 

1974 

'■ 



80.837 

2.620 

6,219 

8,639 

1975 




74^618 

2.430 

6,219 

8.649 

1976 




68.399 

2,240 

6.219 

8,459 

1977 




62,180 

2,050 

6,219 

8,269 

1978 




'55.961 

1,,870 

6.219 . 

8.089 

1979 




49.742 

1,680 

6,219 

7 899 

1980 




43.523 

1,480 

6,219 

7 699 

1981 




37.304 

1,310 

6.,219 

V 529 

198? 




31 Q85 

1.120 

6.219 

7=339 

198:5 




24,866 

0,930 

6.219 > 

7 . 149 

1984 




18.647 

0.756 

6,219 

6 969 

1985 




12.428 

0.550 

6.219 

6,769 

1986 




6,219 

0.374 

6,219 

6,593 

1987 





0,187 


0.187 
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Table XI 

} 

FORETGU CUHRENCY - VARIANT "A" 


Yearly fapenditures - Loan Charges, Reinvestment Charges, Reinvestment 


year 

loan 

Charge 

M i 1 
Reinvestment 
Charge 

lion D 0 1 
Total Loan and 
Reinvestment 
Charge 

1 a r 8 
Reinvestment 
Yearly 
Installr^nt 

Total 

Charge 

1953 

1954 

1955 




16,50 

16.50 

1956 

- 

- 

- 

25. ro 

25.60 

1957 

- 

ir 

- 

35.20 

35.20 

1958 

7.476 

- 

7.476 

29.00 

36,48 

1959 

15.866 

3.320 

19,186 

24,50 

43,67 

19^0 

15.476 

4.045 

19.521 

15.50 

35.02 

1961 

15.216 

4.530 

19.746 

5.00 

■24,75 

1962 

14.886 

10,883 

25.769 


25.77 

1963 

14.546 

10.883 

25.429 


25.43 

1964 

14.216 

10.699 

24.915 


24.92 

1965 

13.876 

10.519 

24.395 


24.40 

1966 

13.526 

10.329 

23.855 


23,86 

1967 

13.196 

10.139 

23.335 


23,34 

1968 

12.856 

9.949 

22.805 


22.81 

1969 

12.526 

9.769 

22.295 


22.30 

1970 

12.086 

9.559, 

21.645 


21.65 

1971 

11.856 

9,389 

21.245 

* 

21.25 

1972 

11.516 , 

9.209 

20.725 

* 

20.73 

1973 

11.176 

9.019 

20.195 


20.20 

1974 

10.836 

8.839 

19.675 


19.68 

1975 

10.506 

8,649 

19.155 

.. 

19.16 

1976 

10.166 

8,459 

18.625 

— 

18.63 

1977 

9.826 

8.269 

18,095 


18.10 

1978 

9.496 

8.089 

17.585 

• 

17.59 

1979 

9.156 

7.899 

17.055 


17.06 

1980 

8.616 

7.699 

16.515 


16.52 

1981 

6.486 

7.529 

16.015 

* 

16.02 

1982 

8.136 

7.339 

15.475 


15.48 

1963 

0.340 

7.149 

7.489 

- 

7.49 

1984 

- 

6.969 

6.969 


6,97 

1985 

- 

6.769 

6.769 

i- 

6.77 

1986 

- ■ 

6,593 

6.593 

- 

6.59 

1987 

tm 

0,187 

0.187 


0.19 
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Table XI 1 


LOCAl CURRENCY - VARIANT "A" 


Yearly Capital Charge* 


Y ear 

Investment 

Installment 

M 

Investment 
Plus 356 Ac- 
oumulated 
Interest 

i 1 1 i 0 n 

Investment 

Repayable 

Interest 

Payment 

3% 

Dinars 

Investment 

Repayment 

25 years 

Total 

Capital 

Charge 

1953 

39 000 

39 000 





.954 

43 000 

83 170 





1-955 

33 500 

119 170 





1956 

26 500 

149 250 





>957 

26 000 

179 730 





1958 

21 500 

206 620 





'959 

18 500 

231 340 





i960 

7 500 

245 790 





1.961 

3 500 

256 650 

256 650 


10 266 

10 266 

1962 



246 384 

7 710 

10 266 

17 976 

1963 



236 118 

7 390 

10 266 

17 656 

1964 



225 852 

7 100 

10 266 

17 366 

1965 



215 586 

6 760 

10 266 

17 026 

1966 



205 320 

6 460 

10 266 

16 726 

1967 



195 054 

6 160 

10 266 

16 426 

1968 



184 788 

5 860 

10 266 

16 126 

1969 



174 522 

5 550 

10 266 

15 816 

1970 



164 256 

5 240 

10 266 

15 506 

1971 



153 990 

4 940 

10 266 

15 206 

1972 



143 724 

4 620 

10 266 

14 886 

1973 



133 458 

4 310 

10 266 

14 576 

1974 



123 192 

4 010 

10 266 

14 276 

1975 



112 926 

3 700 

10 266 

13 966 

'976 



102 660 

3 390 

10 266 

13 656 

1977 



92 394 

3 080 

10 266 

13 346 

1978 



82 128 

2 770 

10 266 

13 036 

1979 



71 862 

2 470 

10 266 

12 736 

'.980 



61 596 

2 160 

10 26.6 

12 426 

1981 



51 330 

1 850 

10 266 

12 116 

1982 



41 064 

1 540 

10 266 

11 806 

1983 



30 798 

1 220 

10 266 

11 486 

1984 



20 532 

920 

10 266 

11 186, 

1985 



10 266 

616 

10 266 

10 882 

1986 




305 


305 


219 000 



100 131 

256 650 

356 781 


Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3 



Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3 


fable XIII 


FOREIGN AND LOCAL CURRENCIES - VARIANT "A" 
Capital Chargee 
Yearly Expenditures 


Foreign 
Currency 
Payra ent 

Local 

Currency 

Payment 

Energy 

Generated 

1000 

Foreign 

Currency 

Payment 

Local 

Currency 

Payment 

Million 

Dollars 

Million 

Dinars 

Million 

KWh 

Mils per 

KWh 

Dinars 
per KWh 


Ijt.; 


S5 ■ 
96j 

% : 
96 -: 
9 b 4 
19t- 
lytif. 
190 / 
196d 
190' • 
197". 
197; 
197:. 
157 
19 -.'- 


1’//' j 


^l9c; 

19P;': 


I9P5 

1986 

1987 


16.50 

25.60 

35.20 

36.48 
43.67 

35.02 
24.75 
25.77 
25.43 
24.92 
24.40 
23.86 
23.34 
22.81 
22.30 
21.65 
21.25 
20.73 

20.20 
19.69 
19.16 
18.63 
18.10 
17.59 
17.06 

16.52 

16.02 

15.48 
7.49 
6.97 
6.77 
6.59 

0.19 


10 

266 

1.10 

1.70 

2.35 

3.15 

5.35 
8.20 

10.10 

17 

976 

10.10 

19 

956 

10.10 

17 

366 

10.10 

17 

026 

10.10 

16 

726 

10.10 

16 

426 

10.10 

16 

126 

10.10 

15 

816 

10.10 

15 

506 

10.10 

15 

206 

10.10 

14 

886 

10.10 

14 

576 

10.10 

14 

276 

10.10 

13 

966 

10.10 

13 

566 

10.10 

13 

346 

10.10 

13 

036 

10.10 

12 

736 

10.10 

12 

426 

10.10 

12 

116 

10.10 

11 

806 

10.10 

11 

486 

10.10 

11 

186 

10.10 

10 

882 

10.10 


305 

10.10 

10.10 


15.00 


15.00 


15.00 


11. 60' 


8.15 


4.30 


2.45 

1.02 

2.55 

1.78 

2.52 

1.75 

2.47 

1.72 

2.42 

1.69 

2.37 

1.66 

2.31 

1.63 

2.26 

1.60 

2.21 

1.57 

2.14 

1.54 

2.11 

1.51 

2.05 

1.47 

2.00 

1.44 

1.95 

1,41 

1.90 

1.37 

1.85 

1.35 

1.79 

1.32 

1.74 

1.29 

1.69 

1,26 

1.64 

1.23 

1.59 

1.20 

1.52 

1.17 

0.74 

1.14 

0.69 

1.10 

0.67 

1.08 

0.65 

0.03 

0.02 
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Table XIV 

FOREIGN AND LOCAL CURRENCY LOAN AND REINVESTMENT REQ,UIREMBHTS 

VARIANT "B" 

Reinvestment: Foreign currency - 7.5 mils or less per generated KWh 
Local currency - 3 Dinars or less per generated KWh 


reign Currency - 


Year 

Energy 

Generated 

1000 

Million KWh 

Relnvestm ent 

Mils per Million 

KWh Dollars 

Loan 

Million 

Dollars 

To tal 
Million 
Dollars 

1953 




60.00 

60.00 

1954 




60.50 

60.50 

1955 

1.10 

7.5 

8.25 

39.25 

47.50 

1956 

1.70 

7.5 

12.75 

24.45 

37.20 

1957 

2.35 

■ 7.5 

17.60 

17 . 90 

35.50 

i 1958 

3.15 

7.5 

23.60 

5.40 

29.00 

1959 

5.35 

4.6 

24.50 


24o50. 

I960 

8.20 

1.9 

15.50 


15,50 

1961 

10.10 

0.5 

5.00 


5,00 




107.20 

207,50 

314.70 

^ocal Currenoy - 






Energy 

Generated 

Reinvestment 

Loan 

Total 

Year 

1 ODO 

Dinars 

Million 

Million 

Million 


Million KWh 

per KWh 

Dinars 

Dinars 

Dinars 

1953 




39 000 

39 000 

1954 ' 




43 000 

43 000 

1955 

lelO 

3 

3 300 

30 200 

33 500 

1 1956 

1.70 

3 

5 100 

21 400 

26 500 

1957 

2.35 

3 

7 000 

19 000 

26 000 

1958 

3.15 

3 

9 500 

12 000 

21 500 

1959 

5.35 

3 

16 000 

2 500 

V 

18 500 

I960 

8.20 

0.9 

7 500 


7 ^00 

1961 

10.10 


3 500 


3 500 


* 


51 900 

167 100 

• 

219 000 


Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3 


Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3 

Table IV 


FOBEIGM CUHREHOY LOAN - VARIAHT *B* 
loan Chargee 


Year 

Loan 

Yearly 

Install- 

ment 

Mill 

loan PluB 
4.5^ Accu- 
mulated 
Interest 

ion Do 

Loan 

Repayable 

liars 

Interest 

on 

Loan 
4.5 % 

Repayment 

of 

Loan 

25 Years 

Total 

Loan 

Charges 

1953 

60.00 

. 





1954 

60.50 

62.70 





1955 

39.25 

123.20 





1956 

24.45 

168.00 





1957 

17.90 

200.01 





1958 

5.40 

226.91 





1959 


242.53 

242.53 > 

- 

9.702 

9.70 

I960 



232.828 

10.90 

9.702 

20.60 

1961 



223.126 

10^50 

9.702 

20,20 

1962 



213.424 

10.10 

9.702 

19.80 

1963 



203.722 

9.60 

9.702 

19.30 

1964 



194.020 

9.15 

9.702 

18,85 

1965 



184.318 

8.75 

9.702 

18,45 

1966 



174.619 

.8.30 

9.702 

18.00 

1967 



164.914 

7.85 

9.702 

17.55 

1968 



155.212 

7.44 

9,702 

17.14 

1969 



143.510 

7.00 

9.702 

16,70 

1970 



135.808 

6.56 

9.702 

16.26 

1971 • 



126.106 

€.11 

9.702 

15.81 

1972 



116.404 

5.65 

9,702 

15.35 

1973 



106,702 

5.25 

9.702 

14,95 

1974 



97,000 

4.78 

9.702 

14.48 

1975 



87.298 

4.36 

9.702 

14.06 

1976 



77.596 

3.93 

9.702 

13.63 

1977 



61,884 

3.93 

9.702 

.13.12 

1978 



58,192 

3.06 

9.702 

12.76 

1979 



48.490 

2.62 

9.702 

12,32 

1980 



33.806 

■ 2.18 

9.702 

11,88 

1981 



29,204 

1.75 

9.702 

li.45 

1982 



19.402 

1.32 

9.702 

11,02 

1983 



9.700 

0,88 

9.702 

10.58 

1984 




0.44 


0,44 

Total 

207.50 




242.55 
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Table XTI 

FORBIGN CURRBKOY REINVESTMENT - VARIANT, “B" 

ReiaTestroent Chargee 

Year MillionDollars 

Reinvestmeat Reinvestment Reinvestment Interest Reinvestment Total 
Installment Plus aocum. Repayable Payment Repayment Repayment 
interest * Charge 


.1953 

.1954 

1955 8,25 8.25 

1956 12,75 21,25 

1957 17.60 39.49 

1958 25.60 64.28 64,200 


1959 

24.30 

88,580 

1,93 


1.93 

I960 

15.50 

10A,580 

2.66 


2,66 

1961 

5.00 

109,080 

3,14 

4,364 

7.50 

1962 


104.716 

3.28 

4.364 

7.64 

1963 


100,352 

3.15 

4.364 

7.51 

1364 


95,988 

3.01 

4,364 

7.37 

1 965 


91.624 

2.88 

4.364 

7.22 

1966 


87.220 

2..75 

4.364 

7,11 

1967 


82,856 

2.62 

4.364 

6 *98 

1968 


78.492 

2.46 

4.364' 

6.82 

x969 


74.128 

2.35 

4.364 

6.71 

1970 


69.764 

2.23 

4.364 

6.59 

3 971 


65.400 

2.09 

4.364 

6.45 

1972 


61.054 

1.96 

4.364 

6,32 

1973 


56.570 

1.83 

4.364 

6.19 

1974 


52,306 

1.70 

4.364 

6.06 

1975 


47.942 

1.57 

4.364 

5.93 

1976 


43.578 

1,44 

4.364 

5.80 

'877 


39.214 

1.31 

4.364 

5,67 

1978 


34.850 

1.18 

4.364 

5.54 

1979 


30.486 

1.05 

4.364 

5.41 

1980 


26.122 

0.91 

4.364 

5.27 

IJ&l 


21.758 

0.78 

4.364 

5.14 

1982 


17,394 

0.65 

4.364 

5.01 

l'^83 


13,030 

0.52 

4.364 

4. 88 

1984 


8,660 

0,39 

4.364 

4,75 

ins 5 


4,302 

0.26 

4,364 

4.62 

1986 



0.13 

- 

0.13 


107.20 



109.080 
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F0R3IGH CURaEHOy - VARIANT “B" 

Yearly Expenditures : Xoan Charges , 
Reinvestment Charges, Reinvestment 


Table XVII 


Loan 

Charge 


Payment 

Reinvest- 

ment 

Charge 


Million Dollars 


Total 
Loan and 
Reinvest. 


Reinvest. 

Yearly 

Installment 


To tal 
Payment 


9.70 

20,60 

20.20 

19.80 

19.30 

18,85 

18.45 
18.00 
17,55 
17.14 
16.70 
16.26 
15.81 
15.35 
14.95 
14.48 
14.06 
13.63 
13.12 
12.76 
12,32 
11.88 

11.45 
11.02 
10,58 

0.47 


1.93 

2.66 

7.50 
7.64 

7.51 
7.37 
7.22 
7.11 
6.98 
6.82 
6.71 
6.59 
6.45 
6.32 
6.19 
6.06 

5.93 
5.80 
5.67 
5.54 
5.41 
5.27 
5.14 
5.01 
4.88 
4.75 
4.62 
0.13 


l6,63 
■ 23 .16 
27.70 
27.44 
26,81 
26,22 

25.67 
25.11 

24.53 
23.96 
23.41 
22.85 
22.26 

21.67 
21.04 

20.54 
19 . 99 
19.43 
18.89 
18,30 
17.73 
17.15 
16.59 
16.03 
15o46 

5,22 

4.62 

0.13 


8.25 

12.75 

17,60 

23.60 

24.50 

15.50 

5.00 


8.25 

12,75 

17.60 

23.60 

41.13 

38.86 

32.70 

27.44 

26.81 

26.22 

25.67 
25.11 

24.53 
23.96 
23.41 
22.85 
22.26 

21.67 
21.04 

20.54 
19.99 
19.43 
18.89 
18.30 
17.73 
17.15 
16.59 
16.03 
15.46 

5.22 

4.62 

0.13 
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Table XYIII 


LOCAl CURKENCY - VARIANT "B* 
Yearly Capital Gbargee 


vear 

M 

Inveetraent 

installment 

ill 

Beln- 

veet- 

ment 

Ion 

Total 

Install- 

ment 

D 1 

Investment 
plus 3^ ao- 
ouraulated 
interest 
renayable 

n a r 

Interest 

payment 

e 

Investment 

repayment 

25 years 

Total 

capital 

obargea 

1953 

39 000 


39 000. 

39 000 




1954 

43 000 


43 000 

83 170 




1955 

30 200 

3 300 

33 500 

119 170 




1956 

21 400 

5 100 

26 500 

149 250 




1957 

19 000 

7 000 

26 000 

179 730 




1958 

12 000 

9 500 - 

21 500 

206 S26 




1959 

2 500 

16 000 

18 500 

231 34P 




i960 


7 500 

7 500 

245 790 




1961 


3 500 

3 500 

256 650 


10 266 

10 266 

1962 




246 384 

7 710 

10 266 • 

17 976 

1963 




236 118 

7 390 

10 266 

17 656 

1964 




225 892 

7 100 

10 266 

17 366 

1965 




215 586 

6 760 

10 266 

17 026 

1966 




205 320 

6 460 

10 266 

16 726 

1967 




195 054 

6 160 

10 266 

16 426 

1968 




I84 788 

f 860 

10 266 

16 126 

1969 




174 522 

5 550 

10 266 

15 816 

1970 




164 256 

5 240 

10 266 

15 506 

1971 




153 990 

4 940 

10 266 

15 206 

1972 




143 724 

4 620 

10 266 

14 886 

1973 




133 458 

4 310 

10 266 

14 576 

1974 




123 192 

4 010 

10 266 

14 276 

1975 




112 926 

3 700 

10 266 

13 966 

1976 




102 660 

3 390 

10 266 

13 656 

1977 




92 394 

3 080 

10 266 

13 346 

1978 




82 128 

2 770 

10 266 

13 036 

1979 




71 862 

2 470 

10 266 

12 736 

1980 




61 596 

2 160 

10 266 

12 426 

1981 




51 330 

1 850 

10 266 

12 716 

1982 




41 064 

1 540 

10 266 

11 806 

1983 




30 798 

1 220 

10 266 

11 486 

1984 




20 532 

920 

10 266 

11 186 

1985 




10 266 

616 

10 266 

10 882 

1986 





305 


305 


100 151 256 650 356 781 
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Table ZIX 

FOREIGH AND LOCAL GUREINCIES - VARIANT "B" 

Capital Chargee 
Yearly Expenditures 


la^ 

Foreign 

currency 

payment 

liillion 

Dollars 

Local 

cuwenoy 

payment 

Million 

Dinars 


8.25 




12 ..75 




17.60 




23,60 




41.13 



cr;r. 

38.86 



rn 

32.70 

10 

266 

qh- 

27.44 

17 

976 


26.81 

17 

656 

; / 

26.22 

17 

366 


25.67 

17 

026 

riC 

25.11 

16 

726 

■ n 

24.53 

16 

426 


23.96 

16 

126 


23.41 

15 

816 

57 c 

22.85 

15 

506 

571 

22.26 

15 

206 

«72 

21.67 

14 

886 


21.04 

14 

576 

C74 

20.54 

14 

276 

57 r 

20.99 

13 

966 

376 

19.43 

13 

656 

377 

18.89 

13 

346 

37 & 

18.30 

13 

036 

079 

17.73 

12 

736 

3-30 

17.15 

12 

426 

381 

16.59 

12 

116 

,982 

16.03 

11 

806 

933 

15.46 

11 

486 

984 

5.22 

11 

186 

985 

4.62 

10 

882 

,986 

0.13 


305 


Energy 

generated 

1000 mil- 
lion KWh 

Foreign 

currency 

payment 

Mils per 

KWh 

Local 

currency 

payment 

Dinars 
per KWh 

1.10 

7.50 


1.70 

7.50 


2.35 

7.50 


3.15 

7.50 


5.35 

7.69 


8.20 

4.72 


10.10 

3.26 

1.02 

10.10 

2.82 

1.78 

10.10 

2.66 

1.75 

10.10 

2.60 

1.72 

10.10 

2.54 

1.69 

10.10 

2.49 

1.66 

10.10 

2.43 

1.63 

10,10 

2.37 

1.60 

10.10 

2.32 

1.57 

10.10 

2.26 

1.54 

10.10 

2.21 

1.51 

10.10 

2.14 

1.47 

10.10 

2.08 

1.44 

10.10 

2.03 

1.41 

10.10 

1.98 

1.37 

10.10 

1.92 

1.35 

10.10 

1.87 

1.32 

10.10 

1.81 

1.29 

10.10 

1.75 

1.26 

10.10 

1.70 

1.23 

10.10 

1.64 

1.20 

10.10 

1.59 

1.17 

10.10 

1.56 

1.14 

10.10 

0.52 

1.10 

10.10 

O..46 

1.08 

10.10 

0.01 

0.03 
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Table XX 


COMPARISOX OF COST OF FORBION CURRBNOY LOANS 
VARIANTS ••A" and "B" 


Million Dollars 
Loan Inetallmente 



Variant "A" 

Variant 

1953 

60.00 

60.00 

1954 

60.50 

60.50 

1955 

31.00 

39.25 

1956 

11,60 

24.45 

1957 

0.30 

17.90 

1958 


5.40 


1959 

1960 

1961 

Total Original 


Loan 163.40 207.50 


Accumulated 

interest 4.5^ 23.50 35.03 


Hcpayable; 

I. can 186.90 242.53 

4c 5^4 interest 
daring loan 

ropayiiaent 109*22 141* 91 

Total Repayment 296*12 584*40 

Lees Original 

Loan 165.40 207.50 

Loan 

Charges 152,72 176,90 

Charge Variant 132*72 

Foreign Loan Overcharge - 

Variant over Variant ”A'* 44 . lo 
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L* APPHOXII/iATE OF COST OF EXPORTED ENERGY 

The cost of energy should be so estimated as to provide for the meeting of all 
an lal obligations during the operation of the system and for keeping the system in 
St class condition throughout its life. All the direct expenses of operation of the 
te:: must obviously be covered as well. 

It is necessary to know the cost of energy before the selling price that must 
ch. rged to make the operation of the system profitable can be determined. The cost 
eri;;rgy must be based on the amount of energy that can be supplied during low water 
rs These amounts of energy will be the ones which Yugoslavia can guaranty to de- 
er tnd for which, if most of the energy is delivered during the winter season, Yugo- 

can expect to obtain a high price. In the aTJsence of any reliable information 

h oepect to the yearly variation of water flow, the. ratio between the average and 
amount of energy that could be delivered can only be assumed. Considering the 

e istribution of energy sources in the system it has been assumed that the varia- 

- i: energy generation from year to year will be less accentuated in h' system as 
toJfi, that it could be expected in the case of an individual power plant. 

On the basis of these considerations the assumption was made that the amount 
en: -gy exported during a low water year will be equal to 75^ of that generated by the 
"r iants of the system during an average year. This 25% reduction should also cover 
nsmission lines losses. 

All the cost figures are based on the assumption that no taxes, either local 
nt 'rnational, will be paid during the construction and operation of the system. If 
- ■ xsB are imposed, the cost of the system and the cost of energy must be increased 

^^■r:.ngly. 

The part of the cost of energy and of the capital cost in foreign currencies 
^ ' kept separated from that in local currencies. It does not seem advisable to 
converting the foreign currency, or vice versa, until such time when the world 

conditions become more stable. 

The cost of energy generation and of its transmission to the main distribution ^ 

in Gorica has been divided into three major items. 

1* Capital Cost, which forms the largest portion of the total 
energy cost; 

[ 2. Amortization, which forms the second largest item of the total 

energy cost; " ^ 

3. Operation Expenses, which form the smallest item of the total 
energy cost . 
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L - 2 

1, Capital Cost 

The capital charges have been estimated and given in Table XIII for Va- 
nt "A" and XIX for Variant “B”, In determining the cost of energy the total 
)unt of money invested must be considered regardless of whether ‘the money has 
m obtained from foreign loans or invested by Yugoslavia either out of the system *s 
jome or from other sources. In estimating the capital chargee a somewhat unortho- 
f attitude has been taken in adding the reinvestment in foreign and local curren- 
B during the construction period directly to the capital charges. It is believed 
it the conditions under v/hich the system is being created Justify such an atti- 
ie . At the same time, the high cost of foreign currency (4.5^) is not applied 
; the foreign currency reinvestments which are assumed to carry an interest of 3^ 
e same as the local currency. 

2. Amortization 

The ordinary maintenance of the system should be taken care of as an ordinary 
•latlonfunction and the expenses of such maintenance should be included in the ope- 
tion expenses. No matter how well the system is operated and maintained there al- 
ys will be normal wear and a gradual deterioration of the elements of the system. 

therefore, necessary to provide a reserve fund \^amorti zation fund) that could 
used to replace parts of equipment and of the system that have been worn out or 
i. must be rerJaoed for any other reasons. If such a policy ie followed the system 
o'lld be always in a first class condition or have an amortization fund of sufficient 
ze available so that all elements of the system that need replacement might be re- 
aced. The expenses of creating an amortization fund must be considered as a normal 
lei^ation expense. 

The capital charges atop after the loanehave been repaid. The amortization 
^rges are intended to keep the system throughout its life in the same first class 
ndition as when it was originally built. All equipment and all parts of the system 
[at are worn out to. such an extent that they cannot be taken care of by regular main- 

mance, must be replaced in parts or in full. The amortization charge is, therefore, 
running charge which must be set aside to make possible large replacement expendi- 

res as long as the system is being operated. It may become necessary to revise 
ortization charges from time to time In order to follow the trends in replacement 
pt. In nearly all instances such a revision will result in an increase of amortiaa- 
cn charges and consequently in an increase of the cost of energy. 

The amortization has been estimated on the basis of an average 30 years 
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1-5 


Ite of the system. At an interest rate of 51^ the annual amortization charge would 
;ount to 2.1'^ of the original cost of the system. A more exact estiittate amcrti- 
onarges could be made only when a more detailed cost estimate becomes avail- 


5. Operation Expenses 

These expenses must be sufficient to cover salaries of all personnel employ- 
Iby the system in whatever capacity and to pay for regular maintenance , materials, 
parts and so on. 

The direct operation cost of the system has been divided into the cost of 
plant operation and traneraieeion line operation. 

The power plant operation cost should cover the operation of the power plants 
f^per as well as the upkeep and operation of dams, tunnels, canals and similar other 
^rts of the system. i - 

The transmission line operation post should cover the operation and upkeep 
■transmission lines, substations, high tension transformers, switching and protective 
I'iipraent, as well as the maintenance and operation expenses of the dispatching ofifices 
communication facilities. 

On the basis of some studies in this matter it was assumed “that the cos't of 
plants operation per KW of installed power plant capacity will be equal to 0,4 
in foreign currency plus 720 Dinars in local currency. 

•me coat of transmission line operation has been estimated as 1 ^ of the trans- 
•sl.r. Lines capital cost in Dollars plus H of the capital cost in Dinars. 

The costs arrived at in such a way can be considered as an approximation^ only . 
i», however, believed that the project could be constructed at a cost close to the 
'proximate estimates and the cost of energy will not differ greatly from the 




Table XXI gives an estimate of the cost of energy to be exported during lie ^ 

■•tc-r season of 1961-62 on the assumption that by that time the recommended system 

have been built and put in full operation. 

Table XJII elves. • » ooneested form, the elementa of ooet an* the ■total ooe« ■ 

..ete, :: :: vL ..at. l,.. 1,S1 ehe. th„ ...t.„ .111 he Mdet 

■=l.'.iotlon and the ohorey .111 be d.llverod in eradually 


Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3 : 


I Approved For Release 201 0/09/1 0 : CIA-RDP83-00423R000900250002-3 • 

! . L - .1 

i_ 

Table XXIII has been computed on the baala of the estimated capital charges 
in Tables XIII and XIX and of the operation costs given in Table IXII, 

This table gives the cost of energy exported from 1^55 to 198Y within which 
the loans and reinvestments are to.be repaid. After 198? the cost of exported 
should include direct operation cost and amortisation charges only. The table 
, t.sed on the assumption of low water years. During average and high water years 
.. r.ist of exportable energy may become lower, if the energy importing countries are 
to accept such additional energy. 

A study of the table will show that due to large reinvestments of foreign 
.--^ncy the cost of energy during the construction period 1955-1959 will be high in 
p cHse of Variant *^A”. During the same period it will be lower in the case of Va^ 
nt ‘'B”. After 1959, the cost of exportable energy will be lower for Variant “A" 

- -ir Variant The difference in the cost of energy during the years succeed- 

- -e year 1959 corresponds to the 44 Million Dollar foreign loan increase for Va- 
arit over Variant '*A‘' , that was shown in Table XX. 

In studying the cost and advantages of Variant '*A" it may be advisable ^ 

ya.'^slavia, as well as by the countries importing energy, to chc'rge accept 

irrreased selling price for energy exported during the construction .■riodUHnd to ! 

iu-e the price after the system has been completed. Such an arranz-o./ion t may be 
-y ^Ipful in making possible the building of the system and putting it speedily in | 

"ton. ■';4 

In determining the selling price of energy , consideration must be given to 
> possibility that during some periods of time the consuming countries may not be 
ils to accept all the energy offered by the system. Some provisions must be made to 
7er the financial losses that may occur in such an emergency. 

Censidering the present and future conditions it will be of distinct advan- 
ce to negotiate a contract in which the cost of delivered winter energy is many times 
rh?r than the cost od delivered summer energy. 
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Table XXI 


ELECTRIC ENER&Y EXPORT SYSTia". OF /UGOSIAVIA 

Operation Oo-jt 

Year 1961-1962 

Install eil Power Plants Capacity - 24150 KW 

Length of 400 KV TransmisBlon Lines - 2509 km 


Foreign Expenditures 
Dollars 


Local Expenditure! 
Million Dinars 


lower Plants Operation 

2 450 000 KW at 40 ce^ts 

at 720 Dinars 


980 000 


1 7b0 


Transmission Lines Operation 
1^ of 58,50 million Dollars 
l?t of 40 000 million Dinars 


585 000 


Amortization - 30 years 

2.1'^ of 514.70 million Dollars 
'■’.ik of 219 000 million Dinars 


G 510 000 


7 875 000 


4 600 


6 760 


..,;r:i.ing 75', i average generation to bo delivered in a low water year 
75ji of 10.10 - 1000 million KWL equals 7.57 - 1000 million KWh 

Capital Charges 1961 Variant 

a 5.26 Mils per KWh plus " ’2? - 1.56 Dinars per KWh 
0.75 u • r p 


Capital Charges 1961 Variant "B" 


, 4 55 Mils per KWh 

C.75 


plus - 1.36 Dinars per KWh 


Capital Chargee 
Operation Charges 
7 875 000 Dollars 
6 760 million Dinars 

Total per KWh 


Variant "A" 1061-196; 


Foreign Currency 


Local Currency 


I 5. 26 toils plus 1.56 Dinars per KWh 


1.04 Mils 


0.89 Dinars per KWh 


4.50 Mils pluB 2.25 Dinars per KWh 


Capital Charges 
Operation Chargee 

Total per KWh 


Variant ''B« 1961-1962 

4.55 Mils 
1.04 Mils 


4.55 Mils plus 1.36 Dinars per KWh 
1.04 Mils * 0.89 Dinars per K'Wli 

5.59 Mils plus 2.25 Dinars per KWh 
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,0/erage year generation 
1000 million KWh 

1,10 

1.70 

2.35 

3.15 

5.35 

8.’ 20 

loVio 

'"’a 

Export delivery during 
low water year 

1000 million Kmx 

0.8? 

1,28 

1.77 

2.36 

4.02 

6.15 

7 . 57 . 


rower plants 
capacity in MW 

300 

450 

675 

850 

1 450 

2 050 

2 4'50' 


Capital coot of trans- 
iTilGslon lines 

Million Dr ^ liars 

Million Dinars 

5.06 

5 000 

13.65 
14 000 

16.55 
17 000 

16.55 
17 000 

22.20 
23 000 

30.20 
32 ood 

' "''38. 5o'' 

40 000 


Capi tal cost of eye tern 
Million Diillars 

40.06 

63.65 

86.15 

99.75 

177.90 

251.90 

314 .io 


1. ill ion Dinars 

29 000 

48 000 

64 000 

74 000 

128 000 

ill odd 

219 000 



Operation Coot 
PorelCT Curronoy Part 


loY/er i-laiiLa operation 
coat 


Thousand Dollars 

120 

180 

270 

340 

580 

820 

980 

Transmission lines 








operation cost 








Thousand Dollars 

51 

137 

166 

166 

222 

302 

385 

Amortization 

Thousand Dollars 

852 

134 

1 810 

2 090 

3 770 

5 280 

6 490 

Total foreign currency 
Thousand Dollars 

1 023 

1 657 

2 246 

2 596 

4 572 

6 402 

7 855 

Low water year 

Mils per KvTli 

1.23 

1.29 

1,26 

1.10 

1.14 

1.04 

1.64 


Operation Cost 

toaal 


Power plants operation 
Million Dinara 

216 

324 

485 

612 

1 045 

1 475 

1 760 

Transmission lines 
operation 

Million Dinars 

50 

140 

170 

170 

V 

23o 

320 

400 

.h.Tortization 
i.. ill ion Dinars 

610 

1 010 

1 350 

1 550 

2 690 

3 800 

4 600 

■lotal local currency 
Million Dinars 

870 

1 474 

2 005 

2 332 

3 965 

5 595 

6 760 

Low water year 

Dinars per KWh 

1.05 

1.15 

1.13 

0.99 

0.98 

0.91 

0.89 


1 ^ 
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Table Xilll 

KLBCTRIC ENERGY EXl'ORT 3YSTEK OF YUGOSLAVIA 

Cost of Exportable Energy 
during a low water year 
Years 1955-1990 

Foreign Currency Local Currency 

MIL'-: K’ali Dinara per KWh_ 

'I Variant Variant "A' 


[ear 

Capital Operation 

Total 

Capital Operation 

Total 

Capl tal Operatio 

"Total 

Cost 







a 1/ 


■955 

20.00 

1.23 

21.23 

10 . 00 

l.?3 

11.23 


1.05 

1.05 

i95b 

20.00 

1.29 

21.29 

10.00 

1.29 

93.29 


9 .05 

1.05 

1957 

20,00 

1.26 

21,26 

10.00 

1.26 

11,26 


1.13 

1.13 

1956 

15.50 

1.10 

16.60 

10.00 

1.10 

11.10 


0.99 

0.99 

195b 

10.90 

1.14 

12 .04 

10,25 

1,14 

11.39 


0.98 

0 . 98 

i960 

5.73 

1.04 

6.77 

6.30 

1.04 

7.34 


0.91 

0.91 

1961 

3.26 

1.04 

4.30 

4.35 

1.04 

5.59 

1.36 

0.89 

2.25 

1962 

3,40 

1,04 

4.44 

3.76 

1.04 

4.80 

2.37 

0.89 

3.26 

196? 

3.36 

1.04 

4.40 

3.55 

1.04 

4.59 

2.33 

0.89 

3.22 

1964 

3.30 

1.04 

4.34 

3.47 

1.04 

4.51 

2.29 

0.89 

3.18 

.965 

3.23 

1.04 

4.27 

3.39 

1.04 

4.43 

2.26 

0,89 

3.15 

■966 

3.16 

1.04 

4.20 

3.32 

1.04 

4.36 

2.21 

0.89 

3.10 

i967 

3.09 

1.04 

4.13 

3.2.4 

1.04 

4.28 

2.17 

0.89 

3.06 

i96e 

3.01 

1.04 

4.05 

3.16 

1.04 

4.20 

2,13 

0.89 

3.02 

.969 

2.95 

1,04 

3.99 

3.09 

1.04 

4.13 

2.10 

0.89 

2.99 

1970 

2,86 

1.04 

3.90 

3.02 

1.04 

4.06 

2.05 

0.89 

2.94 

1973 

2,81 

1.04 

3.85 

2.95 

1.04 

3.99 

2.01 

0.89 

2. .90 

1972 

2,74 

1.04 

3.78 

2.85 

1.04 

3.89 

1.96 

0,89 

2.85 

1973 

2,67 

1.04 

3.71 

2.78 

1.04 

3.82 

1.92 

0.89 

2,81 

1974 

2,60 

1.04 

3.64 

2.70 

1.04 

3.74 

1.88 

0.89 

2.77 

1975 

2,54 

1.04 

3.58 

2.64 

1.04 

3.68 

1.84 

0.89 

2.73 

1976 

2.47 

1.04 

3.51 

2.56 

1.04 

3.60 

1.80 

0.89 

2.69 

1977 

2.39 

1.04 

3.43 

2.50 

1.04 

3.54 

1.76 

0.89 

2.65 

1978 

2.32 

1.04 

3.36 

2.41 

1.04 

3.45 

1.72 

0.89 

2.61 

1979 

2.25 

1.04 

3.29 

2.33 

1.04 

3.37 

1.68 

0.89 

2.57 

1980 

2.19 

1.04 

3.23 

2.27 

1.04 

3.31 

1.64 

0.89 

2.53, 

1983 

2,12 

1.04 

3.16 

2.19 

1.04 

3.23 

1,60 

0.89 

2.49 

1982 

2.03 

1.04 

3.07 

2.12 

1.04 

3.16 

1.56 

0.89 

2.45 

198'. 

0.99 

1.04 

2.03 

2.08 

1.04 

3.12 

1.52 

0.89 

2.41 

198.1 

0,92 

1.04 

1.96 

0.69 

1.04 

1.73 

1,47 

0.89 

2.36 

1985 

0.89 

1,04 

1.93 

0.61 

1.04 

1.65 

1,44 

0.89 

2.33 

198L 

0.87 

1.04 

1.91 

0.02 

1.04 

1.06 

0,04 

0.89 

0.93 

19R7 

0.03 

1.04 

1.07 


1.04 

1.04 


0.89 

0.89 

1988 


1.04 

1.04 


1.04 

1.04 


0.89 

0.89 

1989 


1.04 

1,04 


1.04 

1.04 


0.89 

0.89 

1990 


1.04 

1.04 


1.04 

1.04 


0.89 

0.89 
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M. PROPOSALS FOR THE ORGANISATION OF INVISTIGATIONS, 
DESIGNING, CONSTRUCTION AND OPERATION OF THE 
YUGOSLAV ENERGY EXPORT SCHEME 




In the complicated political ponditione, when four countrlea - 
Yugoslavia, Italy, Austria and Germany, as well as four Republics of the 
Yugoslar Federation - Montenegro, Bosnia-Herzegorina, Croatia and Slovenia - 
are involved, the successful development of an energy export scheme will 
largely depend on the organisation that will have to be created to handle 
the problems. 

All the time and cost estimates quoted in this report are based on 
the assumption that the Investigations, designing, construction and opera- 
tion will be conducted efficiently and speedily. This will, obviously, in- 
volve the necessity of providing the organisation in charge of investigations, 
designing and construotlon with the neoessary amounts of foreign and local 


currency. 


Although the financial considerations are of vital importance they 


do not by any means insure efficiency, speed and economy. The construction 
time schedule and the costs can be kept within the prescribed limits if a 
proper organisation is created to conduct the work. And this organisation 
must be much more efficient than any organisation of similar kind operating in 
Yugoslavia at present. 

This organisation should be authorised to handle the problem of energy 
exports from Yugoslavia in its entirety, including the negotiations, investi- 
gations, designing and construction, as well as the operation of the projects* 

The work of this organisation should not be encumbered with an excessive amount 
of red tape. It should have freedom to obtain the necessary equipment make 
contracts for designs and construction and obtain technical advice and assistance 
from any place or organisation in Yugoslavia or abroad. It should also have 
the freedom to employ and discharge Yugoslav and foreign personnel and establish 
individual payment rates, based on merit only, that would fluctuate within much 
wider limits than those accepted in YagoBlavia at present. 

‘The attached organisation chart shows in a simplified form how it 
would be possible to keep the international problems and the problems Involving 
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the YugoslaT Republics separated fro^i the engineering problems that should be 
0der a centralised guidance. (fig.Yl) 

This chart provides for a chairman of the organisation who will be in 
oonplAte charge of the whole enterprise. Els duties will Include the guidance 
df the Yugoslav members on foreign committees as well as the coordination of the 
Yugoslav Inter-republloan committees. Elreotly under the Chairman and reporting 
to him only will be the responsible chief engineer who will handle all engl- 
; peering problems as well as the economic and financial problems directly con- 
pected with the engineering ones. 

' I \ ' 

The chief engineer should be authorised to get the assistance of en- 
gineering and other organisations In the Individual Republics. The necessity 
and extent of such assistance should be left to the chief engineer s judgement. 

■ I 

It is belleTed that if such a dlTision of authority and responsibility 
18 acoeptedi a W9rkable and simple organisation oould be created and one capable 
of realising the energy export scheme within the shortest time and at the lowest 


/Silillilii 

■ smsBmmms 
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H, CONCLUSIONS _ 

It would be in the interest of Yugoalavia to Btart the export of elec- 
tric energy as soon as physically possible. That is- important from two viewpoint's 
First, it will shorten the period of time that has to pass until the foreign cur- 
..^.ncy income of the system can be made available to Yugoslavia. Second^ and that 
i probably more important, it will create an atmosphere in inhich the negotiations 
2 d.n be carried with the best advantage for Yugoslavia. To speed up the delivery 
of energy and to gain an advantageous position Yugoelavia should take the initia- 
tive in this matter* 

By utilising the Jablanica power plants, the construction of which has 
r«^>dy reached a fairly advanced stage, and some of the plants that could be made 
jvailable in Slovenia by 1955 Yugoslavia sould have the advantage of being able 
to export about 1 000 million KWh beginning with the winder 1955-1956* After this 
p.irly start the amounts exported could be gradually increased in every subsequent 
year until in 1961 the annual total reached about 10 000 million KWh, 

Such a program involves in the course of the next eight years the in- 
stallation of about 2 500 000 KW of hydro turbo-generator capacity in export power 
plants and the building of about 2 500 km* of high tension transmission lines. 

This is an ambitious program but if the financial problems are settled by the mid- 
dle of 1953 and if Yugoslavia decides to tackle the problem in an efficient manner, 
the program is entirely feasible. Given these conditions, the initial energy de- 
livery dates indicated In this report could be adhered to. 

To attain these objectives, it will be necessary to create immediately 
the energy export organisation and to put a Chairman and a responsible Chief En- 
gineer in charge of It, These two should appoint the necessary staff so that all 
engineering, economic and financial phases of the individual projects and of the 
complete system could be worked out. 

This Energy Exporting Organisation should start its work ovnn before 
the opening of conferences with foreign countries and negotiation of financial 
arrangements* This organisation should prepare concrete and concise technical 
ui’ojecta of power plants, eub^tatione , tranomiseion lines and proposed operation 
..ichedulee* These projects should be prepared speedily and in such a way that 
they might easily be understood and discussed by the representatives of foreign 
countries. 

To make possible a speedy preparation of these data it would be neces- 
sary to speed up the investigation work on projects where such work has already 
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been started and immediately begin the investigation work on projects where no- 


thing or very little had been done so far* 


The power plant® and transmission lines suggested in this report have 
been selected with particularly careful consideration as to the possibility of 
completing their construction and putting the various parts of the system in 
operation in accordance with the time schedule given in this reports It is be- 
lieved that the scheme is entirely realistic and if the necessary financial sup- 
port is obtained, it would be put through by a responsible organisation within 
the time limits suggested in the report* 


The energy should obviously bo sold above cost* The selling price 
:jhould be such as to enable Yugoslavia to obtain a substantial profit in each 
;jporatlon year. If all expenses and capital charges are paid and the amortisa- 
tion charges are set aside in an amortisation fund, Yugoslavia will have, beside 
profits accruing during operation years, an Energy System in first class condi- 


tion, After 1987, the loan and investment charges will be disoontinued and the 


System will be free from any financial obligations. Such a state of affairs may 
not be realised in practice if it is deemed desirable to expand the system from 


time to time and to invest some of the profits in such undertakings, 


It would be advantageous for Yugoslavia to use the foreign currency 


that will be made available after the energy export system has been put in opera- 


tion to speed up the industrialisation of the country. It would be of advantage 
o attain as soon as possible auoh a stage of development in iflhich Yugoslavia 
ould use all the energy it would be generating by that time* After that is ac- 
complished Yugoslavia would continue to export a large amount of winter energy 
and import a correspondingly large amount of summer energy. Such a pattern of 
energy exchange would be advantageous to the foreign countries which might, tliere- 
fore, be willing to continue paying a high price for imported winter energy and 
charge a low price for exported summer energy* The advantages of such an arran§e£ 


aent to Yugoslavia are obvious. 


It must be constantly borne in mind that delay in handling the 

energy export problem will bo of considerable disadvantage to Yugoslavia, It 


will also be disadvantagooue if Yugoslavia does not take the initiative in this 




natter. 


The data included in this report could be divided into three oaiego- 




1 , Reliable data regarding the time schedules of oomplejron and Ini- 




tlal operation dates for projects and transmission lines. 
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2* Less reliable data concerning the estimated energy generation for 
various projects, Those data must be corrected as time goes on 
and more meaeuremcnta of railfall, enow accumulation and river 
and spring discharges become available. It is possible that some 
of the present estimates are too low and some too high, 

3. Unreliable cost data. These data must be considered only as an 

indication of the order of capital cost and of the cost of energy 
generation. Extensive additional work must be done to obtain 
iiiore reliable cost estimates. 
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VISIT TO THS SOBIirJSKO JEZSRO FBOPOSRO miR DBWJ^OPMBNT 




R-14 







Beoember 5,1952 
B7 

A,T. Karpov, Consulting Engineer, United Hatlons Technical 
Asaistanoe Administration, Ulsslon to Togealavla 




1. This projeoi contemplates the use of the natural Bohinjsko lake which 
at present drains its water through the Sava Bohlnjka into the Sava Hiver. Bjr 
building a low dam the river outflow of that lake would be stopped and the water 
taken by a 15 kilometer long tunnel to the Dobiar reservoir on the Sofia River 

at Prapetno. 

2. This project represents the most promising storage reservoir deVelofrabnt 
that could be put in operation faster than any other projeots under considera- 
tion at the present time. 

5. The proposed scheme of operation is to utilise in the summer only the 

natural inflow of the lake to cover the daily peaks of the systems, keepfing the 
level of the lake practically constant. During the winter time, the lake wouid 
be drawn down through the 120 MV power plants and would be able to deliver lOG 
million KWh in addition to the 200 million KWh of energy that could be delive- 
red to cover the daily summer peaks. 


4. ' Certain difficulties are expected in the driving of the tunnel. The 

experienoe gained in 1905 in driving a tunn«l through the same ridge indicates 
the occurrence of large amounts of water when the limestone formations are 
crossed. 


5. The presence of that water creates two problems. First, to find out if 

there is any additional water that could be diverted into the lake and second 
to provide conditions under which the tunnel could be safely driven. 


6. Due to the high head (370 m.), additional water that could be diverted 

3 

into the lake is very valuable. It is estimated that each m of water repre- 

3 

sente a value of four dinars. Under this assumption, every m per second 
continuously delivered to the reservoir is worth 126 million dinars per year. 

■ t 
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The water that is contained in the limestone formation in all probability e»- 
capoB the lake and finds its way into an adjoining valley at a lower elevation. 

7* I'fc l8 euggeated that as a part of the InTeetlgation of this piojeot 

a pilot tunnel of about 2 meters diameter would be driven through the ridge 
parallel to the proposed main tunnel at about 10 a horizontal dlstaaoe froa It 
and 2 m below the main tunnel. This tunnel would drain the water froi the 
limestone formations and make the driying of the mala tunnel safe. In jivi ng 
the pilot tunnel all necessary precautions must be taken to safeguard the lives 
of the labour in case a sudden Inflow of water should oecur. 

8. This pilot tunnel will be ultimately direotly coaneeted with the lake 

and utilised as a drain tunnel diverting at least a part of the water from the 
limestone formations into the lake. During the ooastruotioa period the water 
must be pumped from the outlet of the tunnel into the lake, aft erwarde no pump- 
ing will be necessary. The amount of water thus obtained must be measured^ / 
After this measurement has been made through a one year period, It can be eetl- 
mated how many additional drainage tunnels , and maybe also oross tunnels, can 
be economically justified to assure that as much water as possible could be 


delivered in the lake. 

Ljubljana,. 

December 7, 1952. 


(a. T. Karpov) 

Oonsultlng Engineer, an i ted Nations 
Teohnioal Aesletanee Administrh^th 
Ifission to Yugoslavia 






The attached drawing "Bohlnjsko lake - Sofia River Plant" shows thf fflgiii. 
features of the project. 


■y... v.'tyyi#' 

I t-.- . ■■ I. 








■ ; . ^ v—ky'tyyjyi'S 
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Att.B-l 

B - 26 

TISIT OF THX PROPOSBD HYDRO SLSCTRIC PLANTS ON TIB CBTINA RIVER 
Deoember l8th» 19tb and 20th 1953 

A.V, KarpoT, Coneultlng Engineer, United Nations Tecbnioal Ausla- 

ta»c<3 llssion to Yugoslavia, 

lo The part of Dalaatla in the neighbourhood of Split possesses a number 
of industries chemloal and others that require a large amount of eleotrlo energy. 
Jew plants are proposed to Inorease the industrialisation of this region. At pre- 
sent the Tito hydroeleotrio power plant supplies the major portion of the hydro- 
eleotrio energy. The small power plants ManoJloTao, Ruski slap and Jaruga supply 
additional small parts of the energy. The Tito powerplant, the largest hydroplant 
in Tugoslavia (60.000 Kw) oan supply a large amount of energy during the winter 
only. During suiter the river flow diminishes to about 10 ^6 of the average flow. 

2. The proposed development of the Cetlna River in combination with the 
higher located Xivansko, lamooko, Kupreako and Duvanjsko Polje and the Busko Bla- 
to are intended to increase the generating capacity to about 600.000 KW and to 
equalise the generation of the Tito plant by supplying from storage reservoirs 
larger amounts of water during the summer season. 

3. The Cetlna River has been inspected from Peruoa to Omifi where it en- 
ters the Adriatic Sea. Due to time limitations and unsatisfactory road conditions 
it was impossible to visit the Llvansko, Lamocko, Kupresko and Duvanjsko Polje 
and Busko Blato. 

4. A dam is proposed on the Cetlna River at Peruoa which would create 
a reservoir in the upper portion of the Cetlna River. That reservoir will deli.> 

Ter the water through a power house back to the Cetina River. That water will 
again be utilised in the Tito hydroplant and in a proposed plant at Solln or Po- 
IJloa. 

5. Considerable investigation work has been dons at Feruca, This work 
has been inspected in detail. The geological conditions are such that a limesto- 
ne (karst) intrusion is formed on the top of the Dolomite which forms a trough 
(synclinale) the edges of which are above the proposed reservoir level. No water 
escape therefore is possible to valleys outside of the Cetlna River valley. 

6. The inspection of the boring cores and the tunnels at the right and 
left river shore as well as a vertical shaft at the right side of the river have 
been carefully carried through. The impression gained is that the limestone for- 
jetjoas are forming a number of layers interposed by either soft material or by 
layers of rock that becomes soft and deelntegrates under the influence of air 
and water. A number of cavities that are large at the surface are also filled 
with soft material. The formation in itself appears water-impervious. In some 
places the water however passes through breaks in the limestone. Such breacks 
are Irregular and in some places form sizeable canals through which water may 
flow that finally appears on the surface as a spring. 

7. Insofar as the strength of the material is concerned, it appears 
that in spite of the great strength of the limestone itself displacements may 
occur, if sufficiently large forces are transmitted to the soft material inter- 
posed between the limestone layers. Consideration is being given to the construc- 
tion of a concrete arch dam. In the lower parts of the proposed dam-side the 
profile is rather symmetrical and topography favours the building of an arch-dam. 
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At higher elevations at the right side the river the surface iaoline is muoh less 
than at corresponding elevation of the left side resulting in ooasiderable dis- 
synu'setry. If an aroh-dam would be oonstruoted at the higher elevations, It would 
be necessary to place a very heavy oonorete block to take the aroh thrust at the 
right side. 

8» Summarising these conditions it would appear that the building of an 
arch-dan will not be safe and very expensive* The side thrust in an aroh-dsim 
must be taken by the rock formation with the minimum displacement* The soft ma- 
terial interposed between the rook-formations will permit a large displacement* 

If an attempt will be made to wash out the soft material and replace it by oement, 
the established equilibrium of the rook strata will be disturbed* The interpo- 
sed soft material layers are Inclined and during the washing out period the rook 
strata will lose its support. It is also doubtful if the large oavities filled 
with soft materials can be satisfactorily washed out and refilled with oonorete* 

9* It is reconunanded that a dam more suitable to the ground conditions 
will be built. The shortage of other material will indicate that the rookfill 
dam will give a more suitable solution* 

10, Insofar as the possibility of loosing of water from the reservoir is 
concerned the danger involved seems to be over estimated* The material itself will 
not let any large amounts of water to pass* It is necessary to find the breaks in 
limestone and the channels through which the water passes or may pass. All such 
possible water passage channels must be closed. Fraotloslly the same work in 
closing of such channels will be necessary regardless of the height of water in 
the reservoir* There at present is considered a soheme to build the project la 
two steps. First to raise the dam to 35 meters and in a second step to increase 
the height of the dam to 50 metres. Such procedure must be considered very un- 
desirable and the oost of the completed project will be muoh higher than if it 
is built in one step* The safety of a two step dam will be considerably lowered* 

11. It does not seem advisable to limit the ultimate height of the dam 
to 50 metres. The height of the dam should be so determined that the cost of a 
cubic metre of stored water will become a minimum* The estimate supplied indica- 
te that such minimum oost will be obtained if a deuB higher than 50 metres is 
built. The fears expressed that with the higher dam it would be more difficult 
to retain the water in the reservoir ‘do not seen to be justified* The limestone 
formations of this particular valley are of muoh higher quality than in most of 
the limestone valleys of Yugoslavia. The matter limits itself not to the quali- 
ty of the limestone, but to the sealing of any possible water-passages* That 
will require a very through investigation along the line of the proposed 
by borings and sealing by grouting. This sealing line or ourtaln must be exten- 
ded at the right and left ends of the daus so that the water oould not bypass 
the sealing curtain* 

12* It is suggested that along the centre line of the dam or parallel 
to it a number of uniformly and closely spaced small diameter exploration bo- 
rings will be made to the depths of 150 metres below the level of the present 
river water* Those borings should be tested for water tightness and the depths 
of the grouting holes should be determined on the basis of therosolts of tlu tests 
obtained from the exploration borings* The grouting curtain should be formed by 
two rows of borings located parallel of the exploration borings upstream and 
downstream. The exploration borings should be left intact until the grouting 
is completed, so that check water tightness tests can be made. It does not ap- 
pear likely that many of the grouting holes should be more than 50 metres deep 
below the botbqm of the river* The observations made indloate that the danger 
zone is closer to the surface and that not many water channels are fomed far 
belc’S! t’lo surfaea. 
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13 • If grouting holes sill he encountered that eould not be sealed by 
grout, additional holes must be sunk around that particular hole and the under- 
ground oarity must be sealed in that way. If the additional grouting holes are of 
sufficient diameter, graded stone can be lowered so as to reduce the amount of 
grouting material. In the worst case, if a rery large cavity is encountered, which 
le not very likely, it may be necessary to sink a shaft in this particular loca- 
tion to obtain a satisfactory sealing off. 


Zagreb, December 22nd, 1952 


A. 7, Karpov 

Consulting Engineer, Iftiited na- 
tions Technical Assistance Admi- 
nistration, Mission to Yugoslavia 


Tho attached drawings Fig.8- -situation of the Hydroeleotrio Fewer Plants on the 
Oetina River - I - location Map- and Fig. 9 - "Situation of the Hydroelectric 
Power Plant on the Cetina River - I - Longitudinal Profile* show the major fea- 
tures of the project. 
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uzDum pttOFiLmoM^osmoxioA ha amii 
SITUATION OF T«f HTDNOtUCTklC PLANTS ON THE CETINA RIVEN I 
LONeiTUDINAL PROFILE 


Report by 
A.V.MRPOV 


RmesKo POLJE 



HAttT ON THE CETINA NIVEN 
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Att.C-l 


R «• 3 8 


export op electric energy prom the heretva river 

.Itl. S.r.J.To, .»d rl.lt 

8t«6s on the NeretTa Hirer upstream and downstream of Jahlanioa. 

April 7-8, 1953 


A*V» Karpov, Consulting Engineer, 

United Nations Teohnioal Assistanoe Mission 
to Yugoslavia 

1 . The following power plants are projected or under construction at the 

present time : 

. mse r.».rT0lr . .tor.,, capacity aicut 500 .lllljn arcrae. act 

n the per plant 257 ... ar.rag. tie, 51 .^..c *».'W o.tput 
550 million KWh. ^ 

> 1 . Ria.mtiaevo reservoir : storage oapBci|y shout 300 J 

heiSt ah’^ut 120 m., average flow 60 m^-sec.. average net head 89 m. 

Energy output 370 million KWh, ^ 

c. iillt rceraolr i -‘“"f ;itpiri?5'.mi«‘ltt. 

about 40 m,, average net head 40 m., energy ^ 

if Jahlanioa reservoir : storage oapaoity about 300 million m » _ 

* height^?© m., maximum head at- the power plant 110 m^, average flow 
SereiJa 87 V-“o., Rama 35 m^sec, together 122 “ 
is at present under construction which may he completed 
fouryaLs. Energy output 714 million KWh - 144 MW - or 780 million 

KWh - 200 MW . 

e. canyon section of the Ner.tva between Jablanica and the 

5rrce into the Mostar Polje is about 60 km long a^d a f 

60 m could he obtained here. Average flow is 135 m -seo. 3*®*^®* 
being made at present to determine the most favourah e num e 
in which that section of the Neretva should be developed for pow 
purposes. (PrenJ 40 m., DreSanka 20 m. - 60 m.> 

f. Downstream of Mostar PoUe to Capljina a head of about 93 m. 
lable. Studies are being made to determine in how many steps this 
stretch could best be utilised for power and irrigation purposes. 
(Solakovac, Bukovi, Mostar 3 x 19 m. - 4 x 9 m - 93 m.; 

g. In developing the Neretva River below Mostar, J" 

given to the neoesslty of providing locks in order to “f “ 

ligation possible on the stretch between the new port of 

VO and Mostar. At present Neretva is navigable for about ^ 

' its mouth to the town of Metkovidi. Total power output downstream of 

Jablanioa amounts to 1710 million KWh, 

« between the Rama springs and the normal level of the Jablanioa 

^;c.r,ci.T:’.c:r:“r4. ^^5 .. *. -lunc ...... c.p.cl.y CP 
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about 400 million m , average flow of 35 m -sec. coming from tbe springs. Power 
output 700 million KWh. (whole Keretva System 4^285 million KWh.) * 

3. During the discussion it transpired that no particular difficulties 

stand in the way of assigning the whole of the Keretva River, including the 
Jablanlos plant under consideration and the Rama River plants to the export of 
electric energy. Provisions must of course be made to cover the local demand, 
but this could easily be arranged by utilising first the II plant, which 

should be put in operation shortly and by building new hydro power plants on the 
7rbas. Sans and Bosna River. 

4. Certain doubts have been expressed about the possibility of delivering 

energy from the Jablanlos plant in 1955. It was thought that the completion of 

the transmission line and the obtaining of additional eqLUipment may delay the 

initial energy delivery date until 1956. If all the equipment required could 
be obtained in due time, the 1955 energy delivery date appears feasible.' 

3. The Jablanioa powsV plant capacity is insufficient for the delivery of 

a large amount of energy in winter time. The storage capacity of this i^lant is 
also insufficient, big head lossef •iocur in the discharge of water to the turbi- 
nes and there are some other features which are not suitable for an energy export 

plant, which should be very reliable and absolutely safe. With the exception of 
the storage capacity, all the other drawbacks of the Jablanica power plant could 
be rectified before the plant is put in operation. 

6. The increase of the Jablanica plant capacity would imply driving a third 

tunnel from the reservoir to the power bouse. If that is done, a common water 
collector in front of the plant would be required. The capacity increase can I e 
achieved either by extending the cave and placing two more aggregates in the 
plant or by substantially increasing the capacity of the last two aggregates. 

7^ The shortage in storage capacity can be partly remedied by a speed de- 

velopment of the storage capacity of the two plants to be located cn the Neretva 
River upstream of Jablanica* Preliminary investigation of these projects are al- 
ready in such an adveinoed stage that it is felt that the final drawings could be 
prepared within a few months and construction started immediately after. 

8. It would appear that the Jablanica plant and the Rama and other projects 
in which money has been investigated could be turned over to the electrio energy 
export organisation. The cost of these plants could be reimbursed by the said 
organisation and the building of new plants to cover local demand could also be 
started without further delay. 

9. It transpired during the above discussion that if a final decision on the 
export of energy were made, all the details could be agreed upon within a very 
short time. 


▲•T. Karpov, 

Consulting Knglneer DX 
Technical Asslstanoe, Uls- 
sion to Yugoslavia 

The attached drawings Pig. 10 - "Neretva River Power System - Situation Map" 
and Fig. 11 - "Neretva River Power System - Longitudinal Profile" shows the 
presently worked out projects* The work to be done will include the reworkins 
of the projects to reduce the number of the small power plants and increase 
their size.- 
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Dubrovnik, 
April 12, 1953 
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EXPORT OF EISCTRIC ENERGY FtOM TBS TRraigNJlCA Rim BASIB 






7isii to the proposed power plant sites on the Trebi^njloa RlTeri, ^to the entrakoe 
of the power oanal and tunnels and to the proposed iooatlon of the Snpskl Zalir 
power plant between Bllnl and Gartat In the vloiaity of ^^brovnik 

April 9 - 11, 1953 


By 

V, Kaarpoy, 

Consultins Engineer, 

United Nations Teohnioal Assistanoe 
Mission to YugoslaTia 


1. The Trebifinjics River is formed by two streams hear the town of Biiede 
at an elevation of 327 m. The eastern stream flows from Gataoko Polje (940 m«) 
and the weetern one (Cepeljioa) from Fatnioa and Dabar Polje (470 m). Both of 
these streams are fed by a large oatchmont area* The river flows to the south 
until it reaches the town of Trebinje where it turns to the west and flows into 
the Popovo PolJSr Just upstream of Trebinje two tributaries join the Treblinjloa, 
the Sueica and the Oko River, it is supposed that they oolleot their water in 
TrebJnjsKo Polje - a plateau with an approximate elevation of 173 m, 

2d Beglning from Mirusa Polje, just below the cprings, and up to the town 
of Trebinje, TreblSnjioa flows in a valley that outs an 8 km long stretoh of do»* 
lomites interposed with limestone formations# It appears that these limestone 
formations are not karstifled, the character of topography and of the geologi- 
cal formation is suoh that if d reservoir is created the escape cf water from 
this reservoir would be very unlikely, 

3d Downstream of Trebinje, the TrebiSajlta flows In a valley formed in 
karstifled limestones with a large number of ponorsa As the river approaches 
Popovo Polje the ponors iacreaee in number and sometimes also in size. All these 
ponors feed the water into the Adriatic Seaj along the seashore there are many 
springs some of which oarry large amounts of water. 

4, The oapaoity of ponors is not large, compared to the amount of water 
that Treblfinjica discharges into Popovo Polje. As a result, Popovo Polje is 
flooded in winter and many months pass before the water recedes through ths po- 
sers. Popovo polje itself Is a very fertile agrioiiltural area with am arable 
surface of 8000 heotaree. The long time It takea to drain Popovo Polje after 
the winter floods ie a considerable drawback for Its cultivation. Already a long 
time ago plans have been made 'to build oanale and tunnels that would provide for 
a quicker drainage of the Polje, 

5, The present oombined power and irrigation project provides for ths 
outting off of the Treblfinjlca River from the Popovo Polje and dieoharging the 
water through a tunnel into a power plant to be erected on the Adrlatio Sea sho- 
re in the vloinlty of Dubrovnik, Popovo Polje would th(>n be supplied with a suf- 
flolent amount of water for irrigation purposes. This watsr would flow through 
an irrigation canal and the neoeesary measures should be taken to prevent water 
lessee through the ponors. 
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6o A etorag© reaerTolr oould be created aboT© the town of Trebtnjo. If 
thlB etorage reaervolr 1« large eaougb the character of flow of the TrebiSnjioa 
Biver will make It poealble to aupply praotloally all emergy available during 
winter. 

7. The jprlaga and the upper atreama of the TrablBnJloa River aupply 
** average of 90 n •aeo. of water. After the reaervolr haa been oreated. the 
gprlnga will be covered with about 70 m. of water. 3uoh a counter— pre a aura may 
produce a change la the regime of the aprlnga,- The preaent outflow of the eprlnga 
repreaenta the natural equlllbrlxim condition that haa been achieved after many 
thouaaad. perhapa even million yeara. The oounter-preaaure will aubataatlally dla- 
tort that natural equlllbrlun. It la-poaalble. therefore, that the water may find 
a way of leaaer realatenoe and the output of the aprlnga nay oonalderably deoreaae. 

6. To retain the output of these aprlnga on an unchanged level It would 
be necessary to Investigate the flow of the springs more extensively. It would be 
deelrable to drive tunnels at the height of the maximum water level In th^ reser- 
Tolr, whioh tunnel would lead the spring water directly Into the reservoir inter- 
aeptlng it at a higher elavatfon. The waterwaya leading to the lower elevation 
should be out off by grouting or some other suitable means. It la possible that 
by creating auoh m Inflow of small reslstenoe the dlaobarge of the springs will 
be Increased. 

9. An laspeotlon of the proposed dam location near &ranoarevo dis- 
closed that Instead of the rookflll dan there nay be a possibility to build a 
conorete dam upstream of the proposed location in a narrow canyon. The adviaa- 
bility of choosing a oonorete dan Is emphasised by the difficulties of obtaining 
A satisfactory water dlsoharge arrangement for a rookflll dam. The maximum amount 
of water that has been observed on the TreblBnJloa River was 1^00 m —sec. at 
Sobromani and about 900 g —sec. at the dam site. The overflow capacity of the 
dan should be made • substantially higher. 

ID. If the geological Investigation that should bo made at the proposed 
location of the conorete dam shows satisfactory rook conditions It will be possi- 
ble to build an arch dam here. Otherwise It will have to be a gravity dam. In 
both oases It will bo possible either to obtain a sufficiently well regulated 
overflow capacity or to discharge the water through the dam In a number of re- 
g- lated “sky jumps". 

11. Very careful consldoration should be given to the height of the 
dam that will create a storage capacity sufficient to operate the power plants 
80 as to be able to deliver all the energy during the winter under the TreblB- 

I njica flow conditions which vary from year to year, 

' 12. It Is proposed to build a secondary dam below the main dam near 

the Oko Spring. The elevation of this dam is to be such that the reservoir would 
lot reach the tallwater of the power house whioh would adjoin the main dam. The 
designers attempt to justify such a loss of head by the wish to avoid the flooding 
of some areas along the river. It is proposed to move the secondary dam downstream, 
closer to Treblhje, to a place called Gorloa. It is assumed that the dam should 
be so high that the reaervolr would roach the tallwater level of the upstream 
power house. It Is necessary to consider adjustments and protective measures that 
must be taken along the banks of the reservoir and to make eatimates of ooats. 

I After that an opinion oould be formed as to iirtiethor It would be more advisable 
to lose a certain amoxint of head by lowering the reservoir or to carry out the 
necessary adjustments. It Is estimated that the storage capacity of such a re- 
servoir would be about 20 million n ,■ 


liffiisfll 
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15. The power house Is to be located next to the secondary dam. The 
operation of this power house must be coordinated with the operation of the up- 
per power house so as to provide a sufficient waterflow to be supplied to the 
main j^ower house near Dubrovnik. 

14 . The water will flow in the Trebisn^ica River through the town of 
Treblnje. It is proposed to build a dam on the outskirts of the town, which 
will force the water into a canal leading to the tunnel. At present Trebisnjioa 
has not a sufficient water carrying capacity and the town of Trebinje is threa- 
tened by floods. When building the above project, measures should be taken to 
protect the town from any eventuality of flood danger. These measures could be 
listed as follows: 

a) A protective dyke on the right bank of the river, upstream of 
the dam. 

bj Regulating gates of sufficient capacity and with low sills to 
be Installed at the dam permitting a q,uiok discharge of the ra- 
pidly rising flood waters of the Trebisnjlca. 

0^ Dredging of the Trebisnjica bed below the dam to increase its 
water carrying capacity. 

15. A natural small arm of the Trebisnjioa River is to be used as an 
entrance to the power canal. It would be desirable to make a model of the Tre— 
blsnjica River, both above and below the dam, and of the entrance to the power 
canal. The purpose of the model would be to determine the most favourable con- 
figuration of the canal entrance to prevent the entry into the canal of silt, 
sand and stones that may be carried by the river. 

16 . The proposed canal should lead the water to a shallow depression 
called "Mokro Polje", The tunnels will start from this depression near Zgonjevo. 
At present, Mokro Polje collects the rain water and discharges it into a nximber 
of ponors. The purpose of using Mokro Polje was on the one hand to decrease the 
length of the tunnel and on the other hand to create a small regulating reservoir 
between the canal and the tunnel. The shallowness of Mokro Polje and the cost 

of sealing the ponors makes the utilisation of that depression somewhat question- 
able. Due to the shallowness of the depression all the dirt and sand which will 
be washed into it by rains will be carried into the tunnels and discharged through 
the turbines. If a larger storage reservoir is to be created by the erection of 
a near Gorioa, the regulation could be made from that reservoir and the canal 
and tunnel handled as one unit. In order not to lose the flexibility of opera- 
tion during sudden changes of load conditions at the main power plant, the depth 
of the canal should gradually increase when approaching the tunnel entrance. 

17. The original project calls for an unllned canal. The importance 

of the project would, however, make it desirable to have the canal lined over its 
whole length to prevent aqy losses of water or interruptions Of service that may 
arise if the unlined canal has to be repaired. 

16,. The project provides for a single, some 9 km long, tunnel extending 
from the power canal to the main power plant on the .Adriatic shore. This part 
of the pro Jeot raises a number of questions, First, except for data obtained by 
surface geological observations, nothing is known regarding the rook formation 
through which the tunnel must be driven. It will be therefore advisable to drive 
a pilot tunnel before determining the final alignment of the tunnel. If the geo- 
logical conditions are satisfactory, the pilot tunnel oan be enlarged to the size 
of the power plant. If not, the alignment of the tunnel can be changed. The 
pilot tunnel can also be used to drain out or to pump out the water which may be 
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■ encountered in the limestone formations that have to he crossed by the tunnel. 

The second question concerns the size of the tunnel. The proposed tunnel has a 
diameter of about 8 m. If the rock formation is satisfactory, there should be 
no difficulty in driving such a tunnel. If, on the other hand, it proves to be 
unsatisfactory, It might be preferable, more expedient and more economic to drive 
two tunnels. Third, the small size of the tunnel and the resulting high wdter 
velocity (about 3 m per sec,^ will cause a loss of about 25 m. of head in the 
tunnel. The proposed mode of operation of the power plant will require a full 
load to be delivered pi'actically all the time during the winter. It should bo 
determined whether the high head losses are Justifiable or whether it would be 
more economic to increase the cross-section of the tunnels and to decrease the 
velocity and losses. 

19 . An inspection of the proposed power house site showed that a care- 
ful Investigatica by boring i?; necessary before a final location could be selected. 
It is proposed to start the investigation by making borings on the shore of the 
Zupskl Zallv, in the dolomite block north of Robinson’s house. 

20. If the foundation conditions at this location are satisfactory, 
there is a possibility to build an underground or serai-underground power house. 

A detailed topographic survey should be made to determine the penstock location. 

It appears possible to bring the water down from the tunnel in a vertical or in- 
clined shaft and to make the penstock connections from such a shaft. 

21. The material that would be brought out of the tunnel could be used 
to provide a level area for the outdoor switchyard. The method of connecting the 
power plant with the high tension transmission line will require a considerable 
amount of study. It may eventually prove necessary to use high tension cables to 
bring the energy up from the switchyard to the top of the hill where regular trans- 
mission lines could be started. 

22. Tlie only method by which the power plant equipment can be delivered 
will be by ship. It will therefore be necessary to provide a pier with the neces- 
sary crane facilities so that the heavy pieces of machinery can be unloaded from 
the ship and transferred to the power plant crane. 

23. Provisions should be made in the design to prevent the sea water 
from entering the draft tubes of the power plant. That is particularly necessary 
because during summer the plant will be practically closed down and no fresh wa- 
ter will flow through the draft tubes. 

24. The building of the project will cause a considerable decrease of 
the discharge of a number of springs that originate in the ponors along the Tre- 
blsnjlca filver downstream of Trebinje and on the Popovo Polje. Dubrovnik and some 
other communities may thereby experience a shortage of water. It will bo neces- 
sary to adjust the conditions eventually by providing water to be pumped frem the 
draft tubes of the main power house. For this and some other purposes it may be 
necessary to keep the power plant in nominal operation during the summer months. 

25 . It would be desirable to start without delay the InvestigaWons, 
the results of which are required for the preparation of blueprints for the final 
project. The local authorities believe that the necessary funds and authorisation 
to start the work will be obtained in a few days and that the investigations could 
be started immediately after the authorisation has been issued. 

Dubrevnlk, A.V. Karpov, 

April 13, 1953 Consulting Engineer, 

UK Technical Assistance 
Mission to Yugoslavia. 
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E^ORT of KLSCTRIC BNERGY FROM THB ZMIA BITXR BASIS 

'jonCerer.ces In SlldSld and Titograd and Inspeetlon tripe to Upper and Xower 
Zeta hiyer. laepeotion of proposed storage reeerrolrs, oanal and tunnel 
looations and power plant locations* 

April U-l5, 1953 
by 

A.V. KarpoT, Consulting 
Engineer, United Sations 
Technical Asstiitance 
Mission to YugoslaTla 

1* The Zeta Rirer flows from the southern end of the SikSid Plateau pas- 
sing the town of ^Ikfiid at the approximate elevation of 600 a. After the plateau 
is passed there is no continuation of the river flow in the accepted sense of the 
word. The water- is taken up hy a number of ponors. The last ponor is one of the 
largest in Yugoslavia. It has a capacity of about 150 per sec. All these ponors 
lead the water through the limestone formation Into the lower valley* 

i- 2* In the lower valley, at an elevation of about 40 m. the river is formed 

I again; the ponors discharging the water in the shape of numerous springs and In 
^ some places forming effective waterfalls* In the lower valley the river passes 

through the city of Titograd and then joins the UoraSa River which discharges into 
the Skadar laka. 

3* The power development project aims at creating a ntimber of storage re- 
servoirs in the Nlkdid Plateau and at Intercepting the Zeta River by means of a 
law dam and directing It through a canal to a 3.5 km long tunnel that is to bo dri- 
ven through the mountain range segregating the Hikfiid Plateau from the low valley 
of the Zeta River* In this way a bruto head of about 540 m. oould be utilised, 

4. The Zeta River is typical of the Yugoslav Adriatic hydro-power belt 
rivers* There is a considerable flow in winter which diminishes and beoomes insi- 
gnificant in summer* During the initial years of energy export when the amount of 
energy involved will not be large, it will be possible to adjust the load. It would 
therefore be possible in the beginning tb utilise the Zeta River flow without sto- 
rage, The storage facilities could be added later when the total amount of energy 
required for export has been inoreased* 

5* Suoh an arrangement would make it possible to utilise the Zeta River 
energy for export at an early date. The dam on the river, the canal, the tunnel and 
the power house oould be built and put in operation within three years* The high 
tension transmission line from Zeta to the distribution substation in Slovenia ipould 
i also be completed within the same period of time,. That would make it possible to 

I deliver from the Zeta 0*6 billion kwh in the course of the first year, 

I 6* The storage reservoirs may take more time to complete and it is sugges- 

I ted that they be completed in two steps. The completion of the first step would 
take one year after the power plant has been put in operation and add annually 0*2 
billion kwh which oould probably be completed a year later, may add another 0,2 
- billion kwh to the exportable total. 

I 7* The Zeta project is located about 575 km from the distribution substa- 

|- tion In Slovenia. The transmission line between these two points is the longest 
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proposed in the Yu«oalaT eleotrle energy export systea. This will tend to increase 
the cost of energy transmission and oause dlffioulties in operation. Oa the other 
hand, the Zeta project is most desirable from the export Tiewpolnt because of the 
' ' character of the river flow, the speed with which the run-of-rlver plant can be 

put in operation and the low cost of the project. The Zeta project is la fact the 

least expensive of all, both per kw installed capacity and per kwh of energy avai- 
lable for export. 

8. The Llveriol project on the Gradanlca River (a tributary of the Zeta) 

is at present in the stage of active construction. It is a small power plant of 

8,800 kw Installed capacity which is Intended for local purposes. Auother small 
project designed to cover local needs, the Bjeloseviaa project under consideration, 
is to be located above the first mentioned plant on the same river. 

9 . A certain amount of data has been collected and some preliminary in- 
vestigations carried out for the main Zeta River project. The driving of the main 
tunnel is to be started shortly. 

10 . If the Zeta River is designated for export purposes it will be nece- 
ssary in the first place to go over the project in order to determine what revisi- 
ons would be necessary to make it suitable for an energy export project. 

11. The proposed accumulation reservoirs at the Krupaoko Folje and Slcuao 
Polje do not seem to be very suitable. If they are to be utilised it would oause 
the loss of about 10 m. of available river head. The Krupaoko Folje would not 
permit the raising of the level of the reservoir. The Slano Folje has a better 
topography and it would be possible, the geological conditions permitting, to 
raise the level of the reservoir here and obtain a large storage capacity without 

>. losing 10 m. of the river head. Both of these reservoirs are seemingly supplied by 

f water from springs which do not originiate in the Zeta River. It will therefore 

^ be necessary to Investigate these springs, oaptage them and drive tunnels that 
would take the water from the springe to the storage at Slano Folje. Both of the 
said reservoirs have ponors which ought to be investigated and subsequently sea- 
led. These investigations would take some time to complete and night delay the 
completion of the reservoirs. 

12. It appears that better storage reservoir possibilities exist on the 
ara^anioa River. It would be necessary to investigate the gavi mnn storage oapact- 
ties that could be created on that river. These storage reservoirs should be in- 
cluded in the Zeta power project and operated as a part of the energy export 
system. 

13. The Zeta River will be intercepted before it reaches a region where 
a large number of ponors, seme of them of considerable capacity, are located. 

Before the river is intercepted it passes over a number of small ponors all of 
i^loh must be located and sealed. 

14. The open canal through which the water from the Zeta dam is directed 
to the power tunnel, must be lined to prevent any possibility of water losses and 
mlBlmise the number of possible service interruptions. On the other hand, the 
canal should be traced in such a way as to minimise the possibility of service 

I interruptions due to mountain slides and other causes. 

15 . The power tunnel does not seem to present any particular diffloul- 

I ties. Very careful consideration should be given to the dimensioning of the tun- 

f nel. At present it is designed for a maximum flow of 60 m^— sec. The amount of water 
that should pass through the tunnel must be increased to make it suitable for the 
export of large amounts of energy during winter. Eigh velocities of water in the 
tunnel, and, therefore, high head lessee are accepted in the present design. Con- 
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^ sidering the high cost of energy to he exported in winter, high head losses would 

I prove very uneoonomicalo It is, therefore, necessary to Bake a careful determina- 
tion of the best economic cress— section of the tunnel. It would probably be advan 

' tageous to drive two tunnels instead of one* 

16, Ifhere is a number of varlonts for the utilisation of water coming out 
of the tunnel. The main difference is as to whether the water is to be utilleed 
in one or two power plants* FrO® export viewpoint it would be highly desirabl 
to have as few power plants as possible. The largest unit obtainable should be 
installed in each power plant. From this point of view a single power plant would 
be much the best solution, A reasonable solution would be to put the power house 
underground and ct euob a low level t«at a ton.vater tunnel could discharge the 
water directly into the Lower Zeta, The local engineers prelcr a two-powerhouse 
scheme. The coat of either one- or twb-powerhouse scheme is practically the same* 
They believe, however, that the work on a two-powerhouse scheme is simpler and 
can be completed within a shorter time. The turbin- generator aggregates would be 
! smaller and could, therefore, be easier obtained in Yugoslavia. The penstocks 

I would require less steel, Topography permits the use of an upper canal from the 

I tailwater of the first plant to the forebay of the second. The question of re- 

I ducing the number of power plants €ind aggregates comprised in the export system 

I is of vital importance and the whole matter should be rooonsidered in the light 

I of this statement* It may be advisable to import the penstocks and aggregates in 

|. order to build a really suitable export energy plant. 
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Titograd, 

April 19, 1953 


A,T, Karpov, 
Consulting Engineer, 

UH Tebhnioal Assistance 
Mission to Yugoslavia 


The attached Pig. 14 - "Zeta System - looation Plan" and Pig, 15 - “Zeta System 
- Diagramatio longitadlnal Profile" show the major features of the project. 

The attached Pig. 16 "Zeta Hiver Plant - One Step development - Overground Po- 
wer House" and Pig. 17 "Zeta River Plant - One -tep Development - Underground 
Power Honse" cbov ! t'vo .'crjants of th^ proposed single power house project. 
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A.V. KARPOV 
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Fig 16 
Report by. 

PROFIL SISTEMA ZETE 
ZETA RIVER PLANT 

VARUANTA SA OEDNJM STCPENOM 
POVRSINSHA iZVEDBA 
ONE STEP DEVELOPMENT 
0VER6R0UND POWER HOUSE 



,Energoprqjekt' 1952 


Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3 


HiDROPOSTROOENJE NA ZETi 
ZETA RIVER PLANT 

PODZEMNA ELEKTRANASA1STEPEN0M 
ONE STEP DEVELOPMENT 
UNDERGROUND POWER HOUSE 



Fig 17 
Report by 
A.V. KARPOV 


Sastayio Dr. Jag. V.S/ebinger 
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